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ETIOLOGY OF THIN-WALLED THORACIC CYSTS* 


AprRIAN V. S. LAMBERT 
New York, N. Y. 


ODAY I shall speak on the etiology of the thin-walled cysts which 

oceur within the thorax. At present, considerable confusion exists 
concerning their true nature, and there is a tendency to group them all 
under the unsatisfactory term of ‘‘probably of lymphatic origin.’? A 
knowledge of the development of the pericardium is essential to the 
understanding of the origin of some of these cysts. There is ample 
evidence that the development of the pericardium may go awry, and, 
in consequence, malformations may arise which persist to adult life. 
Complete absence of the pericardium, congenital diverticula of the peri- 
cardium, and cysts found beneath the epicardium situated on the myo- 
eardium are examples of such irregularities. 

The two cases of cysts which will be reported here are of especial 
interest in this connection. They were brought to my attention by Dr. 
Frank B. Berry, and it is due to his courtesy that I am able to report 
them. 

The two cases have a striking similarity. They both were discovered by x-ray 
in the course of a routine physical examination. Their presence had given rise to 
no untoward symptoms. They were removed, as their exact nature could not be 
determined by x-ray. Although the diagnosis of cyst was considered most probable, 
still the possibility of their neoplastic nature could not be excluded. Faced with this 
uncertainty Dr. Berry removed them. At operation, a thin-walled cyst was found in 
each case lying directly in contact with the anterior chest wall, diaphragm, peri- 
eardium, and that portion of the pleura surrounding the anterior inferior portion 
of the left upper lobe of the lung, often spoken of as the lingula. They were 
shelled out readily from these structures without opening either the pericardium or 
pleura by blunt dissection, through a line of cleavage composed of loose areolar 
tissue. It is worth noting that the phrenic nerve lay posterior to the cyst. The sole 
blood supply was through two medium-sized vessels coming from those coursing 
over the anterior surface of the pericardium. These two vessels were ligated. There- 


*Presidential Address read before the Twenty-Third Annual et of the American 
Association for Thoracic Surgery at Cleveland, Ohio, June 6, 7, and 8, 1940. 
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after there was only a slight amount of oozing, as the cyst received no blood supply 
from the pleura, the diaphragm, or the anterior chest wall. The wounds were closed 
without drainage, and the patients made uneventful recoveries and have remained 
well after twelve and eight months, respectively. 


Fig. 2. 


Figs. 1 and 2.—Roentgenograms of chest of Dr. Berry’s patient, showing the situation 
of the cyst. 


The microscopic examination was made by Dr. A. P. Stout: 

Gross Findings.—The specimens are two fragments of tissue which appear to be 
portions of a cyst with an exceedingly thin wall folded upon themselves. After long 
fixation in formalin, the tissue appears pearly and translucent. 

Microscopic Findings.—The cyst is lined with a membrane consisting of flattened 
cells closely applied one to the other and forming a membrane resembling swollen 
vascular endothelial cells. Sometimes the cyst is cut tangentially and the cells ap- 
pear heaped one upon the other. The living cells rest on a very loose-textured fibrous 
tissue, with a number of capillaries, some fat, and a few extravasated red blood cells. 
No muscle is found with Masson’s trichrome stain nor any mucin with the muci- 
carmine stain. Several endothelial-lined spaces appear in the wall, but these may 
well be due to the folding of the tissue. 

This appears to be an endothelial-lined cyst, but a differentiation between endo- 
thelium and mesothelium is not possible. 

The diagnosis was endothelial cyst of the mediastinum. 


Similar cysts have been reported in the literature. Dufour and 
Mourrut,? in 1929, reported finding at autopsy a cyst in an 86-year-old 
woman who had died of cerebral softening. They state that ‘‘the ana- 
tomic pathological examination of the cyst wall formed on the interior 
by parietal pericardium and lined by an extremely flattened endothelial 
covering, quite distinct from the pericardial endothelium, indicates that 
it has no sign of a previous inflammatory process.’’ They considered 
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it as probably a lymphatic cyst. Pickhardt,? in 1934, operated on a 
53-year-old woman who had complained of a sharp knife-like precordial 
pain. The x-ray revealed the presence of a circular shadow just above 
the left diaphragm. At operation there was found ‘‘a thin-walled cyst 
the size of an orange, with a small, nipple-like projection towards the 
pericardium.’’ This cyst was ‘‘easily shelled out’’ through a line of 
cleavage, with very little bleeding. The wound was closed without 
drainage, and the patient made an uneventful recovery and was re- 
lieved of her precordial pain. The microscopic examination was reported 
as follows: ‘‘Section of the small cyst shows a very thin wall com- 
posed of dense laminated fibrous tissue, the greater part of which is 
acellular or hyaline. The outer part of the wall is looser and rather 
rich in small cells resembling lymphocytes. The blood vessels are scanty. 
The inner surface is covered with small deeply staining cells of the type 
of endothelial cells.’’ The pathologie diagnosis was pleural cyst prob- 
ably of endothelial origin. 

Dr. Ethan Flagg Butler also removed such a cyst and kindly sent 
me a portion of the cyst wall. Details of history, kindly given by Dr. 
Butler to whom I wish to express my appreciation, are as follows: 


J. F., female, aged 54 years, was admitted to Biggs Memorial Hospital on Nov. 1, 
1938, with no subjective complaints. During a routine x-ray examination, a shadow 
was noted just lateral to the apex of the heart. This had increased in size since 
it was first observed in 1934. Diagnostic x-ray demonstrated the lesion to be 


Fig. 3. Fig. 4. 


Figs. 3 and 4.—Roentgenograms of chest of Dr. Butler’s patient, showing situation 
of the cyst. 


extrapulmonary. Because of its progressive increase in size, it was removed by opera- 
tion Nov. 10, 1938. The following condition was found: ‘‘ Arising from the left 
anterior mediastinal diaphragmatic angle was a thin-walled cyst containing clear 
fluid, approximately 12.5 cm. long by 5 em. in diameter. If there was any vascular 
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pedicle at all, it came from the diaphragm. It lay adjacent to, but was not attached 
to, the pericardium. As it bulged into the pleural cavity it carried a coat of pleura 
with it. Its origin was definitely extrapleural. No other pathology was noted.’’ 

Histologic examination was made by Dr. A. P. Stout: 

Gross Findings.—The specimens are some fragments of paper-thin, pearly gray 
tissue, apparently portions of a thin-walled cyst folded upon themselves. This 
specimen has been preserved in dioxane. 

Microscopie Findings.—The cyst is lined by a membrane composed of flattened 
cells with swollen nuclei elevating their central portions.* The fixation in dioxane 
has apparently distorted them by too rapid dehydration and many of them have 
signet-ring nuclei due to intracellular vacuole formation. The cells are closely ap- 
plied and form a smooth membrane. With the fixed tissue an attempt was made to 
demonstrate a silver mosaic, but this failed. It was not expected that an impregna- 
tion could be effected so that the failure has no diagnostic importance. The cells 
are apparently only one layer thick, although tangential cutting in places makes them 
seem to be heaped one upon the other. No mucin is found with the mucicarmine 
stain. The lining rests upon a fibrous wall of rather loose texture, containing normal 
endothelial-lined vessels, some of which contain red blood cells. There are a few 
spaces lined by the same type of swollen cells which cover the main cavity, but these 
may very well be due to folding. At one point there is a short fibrous band of 
tissue containing a few smooth muscle cells, 

This appears to be an endothelial-lined cyst, but a differentiation between endo- 
thelium and mesothelium is not possible. 

The diagnosis was cyst of the mediastinum. 


The striking similarity of these cysts strongly suggests a common 


source of origin. 

In determining the source of origin, an examination of the various 
eysts which may occur in the thorax may aid us by exclusion. The 
eysts of parasitie origin, notably echinococeus, are readily distinguished 
by the characteristics of the lining membrane. The dermoid cysts con- 
tain in their walls structures which show an epidermoid origin, e.g., hair, 
sweat glands, dermis. The teratomas are even more distinctive, with 
various compound elements of bone, cartilage, muscle, ete. 

The cysts which are derived from embryonal rests of the primitive 
respiratory bronchial bud contain in their walls cartilage, smooth muscle 
fibers, mucous glands, and ciliated epithelium; the walls of those derived 
from the primitive alimentary tract, the esophagus, also contain smooth 
muscle fibers and mucous glands with columnar epithelium. 

The lymphangiomas are the result of a maldevelopment in formation 
of a group of lymph vessels and are, therefore, also congenital in origin. 
In many particulars, they resemble the cysts now under consideration. 
Their walls are composed of a loose fibrous tissue and they are lined by a 
layer of flattened mesothelial cells. As it is impossible to distinguish 
between mesothelium and endothelium by histologic methods, this form 
of examination alone will not aid us in distinguishing between these 
lymphangiomas and the eysts reported here. The lymphangiomas, how- 
ever, are multilocular and are composed of a conglomerate mass of in- 


*This is not characteristic of the cells lining lymphatic cysts. These cells are fiat 
with flat nuclei, except in the cases in which antecedent inflammation has existed. 
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Fig. 5.—Transverse section of embryo. Note median and lateral spaces P.C., discon- 
nected anlage of the pericardial coelom. 


Fig. 6.—Horizontal section of embryo median through line AB, Fig. 5. Note discon- 
nected anlage of the pericardial coelom P.C. 


Fig. 7.—Horizontal section of embryo lateral through line CD, Fig. 5. Note again the 
disconnected anlage of the pericardial coelom P.C. 
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dividual cavities which vary greatly in size, some being exceedingly 
small, while others may be several centimeters in diameter. In addition 
to this, the lymphangiomas are intimately incorporated with the various 
structures amid which they are situated. There is no sharp line of 
cleavage between the cysts and the surrounding structures; they cannot 
be shelled out, and they receive their blood supply from all sides. At- 
tempts at removal have been accompanied by profuse bleeding which at 
times has been of an alarming nature. This infiltration gives the im- 
pression that they are of neoplastic origin. They may occur in all 
regions of the thorax and elsewhere in the body. In the mediastinum 
they have been intimately associated with the great vessels, and where 
they have occurred in contact with the chest wall, they have been in- 
extricably connected with the structures of which it is composed. 

The cases reported here do not appear to fall into any one of the 
foregoing groups, and I would now draw to your attention the processes 
of development of the pericardium. 

The pericardium arises from a series of disconnected lacunae, which 
appear very early in the life of the embryo, even before any differentia- 
tion has occurred which indicates the site of the heart. These lacunae 
appear in the mesenchyme both lateral and ventral to the primitive 
ectodermie plate or primitive streak. They appear before the formation 
of the pleuroperitoneal coelom and are irregularly situated; they are 
in no sense metamerie, that is, they are not limited in their distribution, 
nor do they bear any regular relationship to segments which are ar- 
ranged in a longitudinal series composing the body of the embryo. 


These lacunae persist for a time as individual spaces. As the embryo 
develops, they enlarge and gradually merge into one another, and they 
coalesce to form the pericardial coelom as a horseshoe-shaped space lying 
on either side of the primitive streak. The two arms of the horseshoe 
are connected by a space passing ventral to the cranial end of the latter. 
This space, the pericardial coelom, persists for a time as an independent 
cavity, but eventually a connection is formed between it and the pleuro- 
peritoneal coelom, from which the pleural and peritoneal cavities de- 
velop. The connection between the pericardial coelom and the pleuro- 
peritoneal coelom is subsequently closed by the development of the 
ligamentum transversum and ducts of Cuvier. These latter also separate 
the pleuroperitoneal coelom into two parts which become, respectively, 
the pleural cavities on the one side, and the peritoneal cavity on the 
other. Numerous examples of the failure of these normal developmental 
processes have been reported. 

Failure in the closure of the communication between the pericardial 
and pleuroperitoneal coeloms results in a congenital absence of the peri- 
eardium. Failure of the ligamentum transversum to divide the pleuro- 
peritoneal coelom into pleural and peritoneal cavities results in the more 
frequent and more familiar congenital hernia of the diaphragm. 
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Inequality in the rate of development of one of the lacunae which later 
form the pericardial coelom results in the formation of a congenital 
diverticulum of the pericardium. Several cases of this are on record. 

We hold that it is not only possible, but is probable, these re- 
ported cysts are due to the fact that one of the primitive lacunae failed 
to merge with the others, persisted, and developed into an independent 
cavity, forming a cyst. These cysts should be spoken of as pericardial 
coelomic cysts, which term would accurately define their true character. 
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EXTRAPLEURAL PNEUMOTHORAX 


E. C. Janes, M.B. (Tor.), D. B. Arrcuison, M.B. (Tor.), AND 
A. ForsserG, M.D. 
HAMILTON, ONTARIO 


UR experiences with this procedure are based upon a series of 
seventy-seven cases operated upon since November, 1937. Definite 
indications for the selection of cases and the subsequent fate of the space 
formed were not set forth clearly at that time. Indeed, many questions 
remain unanswered even at present. Therefore, every surgeon who 
adopted this operation a few short years ago was more or less a pioneer. 
The maintenance of a selective collapse of the lung by the use of an 
extrapleural, and yet intrathoracic, foreign body has had a very limited 
application. Tuffier’ attempted to maintain extrapleural pneumonolysis 
in 1910 by using human fat. Paraffin wax has been the material most 
commonly employed. Air had been tried, but its use met with little sue- 
cess until the method was revived by Graf,? of Dresden, in 1932. 
Sehmidt,*? of Heidelberg, quickly accepted it, and both used it on a 
considerable number of cases. Roberts, Monod,® Proctor,® Dolley,’ and 
many others have published reports subsequently. 


TECHNIQUE 


Details of technique have been described so frequently that repetition is not 
necessary. The amount of stripping necessary is determined by the extent of dis- 
ease present in the lungs. The lower margin or floor of the space should slope 
toward the mid- and anterior axillary lines. This precaution will make it easier 
to insert a needle to wash out accumulated fluid and to inject air. There will be 
less danger of puncturing the lung and of leaving a pocket of fluid below the level 
of the needle. 

It is important to leave the space dry. This is accomplished by packing with 
hot tapes. A bleeding vessel has been ligated occasionally, but electrocoagulation 
has not been necessary at any time. 

About one pint of fluid is poured into the chest just prior to closure. We have 
used a mild antiseptic solution, but probably saline would be preferable. This fluid 
dilutes blood and exudate which accumulate in the space, and facilitates washing 
afterward. 

The patient is fluoroscoped the following morning. At the first refill, with the 
patient in a sitting position, a needle is inserted below the fluid level, usually in 
the fifth or sixth interspace in the midaxillary line. Most of the bloody fluid can 
then be aspirated and replaced with air. Further refills are given twice weekly until 
the collapse is stabilized. At these refills, any fluid present which can be aspirated 
readily is removed, and that which remains is washed and diluted with the antiseptic 
solution and later with normal saline. Slightly positive pressures are used to main- 
tain the collapse. The interval between refills for maintenance is usually from one 
to two weeks. 


Read before the Twenty-third Annual Meeting of the American Association for 
Thoracic Surgery at Cleveland, Ohio, June 6, 7, and 8, 1940. 
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Fifteen of our patients have been converted to oleothorax up to the 
present time. Either 5 per cent gomenol in olive oil, or paraffin oil, 
has been used. It is interesting to note that the interval between the 
operation and the replacement of air with oil has gradually decreased. 
The shortest interval was three months. One patient developed a 
bronchopleural fistula soon after the injection of oil. Despite this acci- 
dent, it would seem that our staff is becoming convinced that the injec- 
tion of oil to maintain permanent collapse is desirable in many cases. 

One patient was operated upon a second time because of inadequate 
collapse. The chest wall and lung were covered with a thick, shiny layer 
of dense sear tissue. It would be difficult to imagine such a lung re- 
expanding, even if injection of air were discontinued. 

The extrapleural space was combined, deliberately, with a pre-existing 
intrapleural pneumothorax in eight patients. Four of these have made 
perfectly satisfactory progress. Three developed bronchopleural fistulas : 
one patient, three weeks after operation; another thirteen months after 
operation; and the third, eight months after operation. The first two 
died, and the third is slowly dying because of the fistula and a spread of 
disease into the opposite lung. The eighth of this group developed a 
tuberculous and pyogenic empyema and spread of the disease into the 
opposite lung. The empyema finally cleared and the space is satisfac- 
tory, but a cavity persists in the opposite lung. 

These eight cases suggest that it is not advisable to connect extra- and 
intrapleural spaces unless the location and extent of the disease make 
such a combination imperative. 


SUBSEQUENT THORACOPLASTIES 


Three patients have undergone thoracoplasties since the extrapleural 
pneumonolysis. In one, an intrapleural pneumothorax existed, but was 
not combined with the extrapleural space because the former contained 
tubercle bacilli. A small space only was obtained, the cavity remained 
open, and six months later seven ribs were removed in two stages. 
Progress has been excellent. Probably thoracoplasty should have been 
performed in the first place. 


In another, bilateral disease existed, with cavitation on one side. This 
lung did not collapse when free. This was due partially to straining 
and coughing during and after operation. Thoracoplasty was per- 
formed three weeks later, and a good result obtained. Radiologiecally, 
this patient appeazs to have been a suitable subject, even in retrospect. 

The third had bilateral cavitation and was a poor risk. A good space 
was obtained, but after seven months had become almost obliterated. 
Thoracoplasty was performed, and progress is satisfactory. In this 
instance, we believe the extrapleural stripping allowed the patient’s 
condition to improve so that a thoracoplasty was safe at a later date. 
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RESULTS 


Seventy-seven patients have been operated upon; three required sub- 
sequent thoracoplasties. Eight have died, and they will be considered 
separately. The remaining sixty-nine have been appraised as to sputum 
conversion and x-ray findings. 


TABLE I 


Cases 

Subsequent thoracoplasties 

Postoperative deaths *(5 weeks or less) 

Late deaths 

Total deaths* 

Sputum conversion 61 to 43, 70.5% 

Sputum conversion and cavity closure 69 to 50, 72.5% 
(7 cases had negative sputum before operation; 1 case 
negative before operation became positive after.) 

*These eight cases were omitted in the calculation of percentages, leaving sixty- 
nine cases to be considered. 


An effort has been made to present the results in a way that is under- 
standable and of some value (Table 1). We admit that sputum analysis 
may be misleading. It has not been possible to carry out the most exact- 
ing tests of guinea pig inoculation of sputum or gastrie content before 
and after operation in all cases. Some patients have been operated upon 
recently, and although several concentration tests of sputum have been 
negative, a guinea pig test might be positive. However, these factors 


work both ways; that is, some patients, whose sputa were repeatedly 
negative by concentration test before operation, have since proved posi- 
tive by guinea pig test of sputum or gastrie content, and have been 
placed on that side of the table. 

The ease is recorded of a patient whose sputum was converted from 
negative to positive. In this instance, both concentration and guinea pig 
tests of sputum were repeatedly negative both before and after opera- 
tion, but a gastric content proved positive. The operation was per- 
formed in February, 1938. 


TABLE II 


SpuTuM CONVERSION BY S1Ix-MonTH Periops (58 CASES) 


PERCENTAGE OF CASES 
Nov. 17, 1937, to May 31, 1938 76.5 
June 1, 1938, to Nov. 30, 1938 66.6 
Dee. 1, 1938, to May 31, 1939 66.6 
June 1, 1939, to Nov. 30, 1939 87.5 
Dee. 1, 1939, to April 24, 1940 75.0 


Table II shows sputum conversion in periods of six months. We be- 
lieve the small variation in the various periods suggests accuracy of 
appraisal. 

In Table III, all seventy-seven cases are considered. The good re- 
sults are those with cavity closed and sputum negative after extrapleural 
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pneumonolysis alone. The poor results include those made negative by 
other operative procedures. The deaths include five operative and three 
late deaths. Of five cases listed as failures, the sputum is positive by 
gastric lavage culture only. No allowance is made in these figures for 
persistent contralateral disease, which may contribute to, or be entirely 
responsible for, persistent positive sputum. Actually, for a perfect 
appraisal of our patients, a bronchoscopic examination and guinea pig 
inoculation of bronchial secretions would be necessary. Such investiga- 
tion has not been considered practical. 


TABLE III 


Cases 77 


Sputum conversion and cavity closure 50 (64.9%) 

Poor results to date (3 subsequently 19 (24.7%) 
improved by thoracoplasty) 

Deaths 8 (10.4%) 


Our results have been recorded as ‘‘good’’ or ‘‘failure.’? We believe 


that one may claim a good result only if the cavity is closed and the 
sputum negative. 


DEATHS 


Of the eight deaths which have occurred up to the present time, five 
died five weeks or less after the operation, and they have been considered 
operative deaths. Three occurred after six months and are not at- 
tributed directly to the operation. 

The five early deaths were due to exhaustion and right heart failure. 
They all suggest improper selection of cases—the disease was too ex- 
tensive, the general condition was poor, the vital capacity was low, or 
the time was not opportune. 

The three described as late deaths developed bronchopleural fistulas. 
It is not thought that these were operative deaths. The same complica- 
tion ensues with moderate frequency in patients treated by intrapleural 
pneumothorax alone, 

COMPLICATIONS 


Bronchopleural fistula is the most serious complication. This occurred 
in five patients. 

Infection of the space with tubercle bacilli occurred in nine of our 
patients. These include the five with bronchopleural fistulas. Of the 
other four patients with tuberculous infection, in one the space is clean 
and dry, and one has been converted to oleothorax. Two are improving, 
but have some pus in the space at present. 

Pyogenic infection occurred in six. Hemolytie Staphylococcus aureus 
was present in five of these. The infection has cleared up without 
deleterious effect. The sixth died, having developed a bronchopleural 
fistula and infection of the space with tubercle bacilli and Streptococcus 
viridans. We have been attempting to insist that our patients have a 
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course of staphylococcus toxoid before operation, and we think we have 
some evidence to suggest that this may be a factor in preventing infee- 
tion. 
Bleeding into the space after operation may result in its obliteration. 
Surgical emphysema occurs to a minor degree in the majority of cases. 
Cerebral embolism, probably air, has occurred once. It manifested 
itself by a hemiplegia of short duration. 


INDICATIONS 


Indications are tuberculous cavities or areas of infiltration in the 
upper lung field: 

1. Where intrapleural pneumothorax is impossible because of adherent 
pleurae. 

2. Where intrapleural pneumothorax has been obtained, but is in- 
efficient because of extensive adhesions between the visceral and parietal 
pleura. 

3. Where the extent of adhesions precludes severance by closed intra- 
pleural pneumonolysis. 

4. Where collapse is urgently required to control severe hemoptysis. 

5. Where there are areas of infiltration without cavity, which do not 
respond to bed rest. 

6. Where there is bilateral disease, long resistant to ordinary treat- 
ment, and where thoracoplasty is considered too dangerous. 

7. In very young patients. 

Tomographic studies should be made of all patients. They have proved 
of great value in determining the presence or absence of cavitation. 


ADVANTAGES 


Certain advantages may be classified as follows: 

1. The collapse is relatively selective. 

2. After initial collapse there is more possibility of continuing con- 
traction of the diseased areas than after thoracoplasty. | 

3. There is less encroachment on normal lung tissue. This is of par- 
ticular value when the procedure may be necessary on both sides. 

4. There is less disfigurement than following thoracoplasty. 

5. There is the appeal of a one-stage operation. 


CONTRAINDICATIONS 


Large cavities, close to the periphery, must be regarded as potentially 
dangerous, despite the fact that in several such cases no complications 
occurred and excellent results were obtained. 

Other contraindications are: hopeless extrapulmonary disease; too 
extensive disease; a low vital capacity; dense, tuberculous, broncho- 
pneumonic or fibrotic lesions which are unlikely to collapse; dense 
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scarring encountered at operation, which would make the separation 
technically impossible or dangerous. 

The operation is also contraindicated as an heroic measure in very 
toxie and hopeless cases. 


CONCLUSIONS 


In conclusion we would say that, to date, the results of this procedure, 
in our hands, have been satisfactory. It may be that, with the lapse of 
time, it will be shown that the final results are not good. Unless this 
occurs, we feel that the procedure will remain a useful addition to the 
other methods of collapse therapy. 
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EXTRAPLEURAL PNEUMONOLYSIS IN ARTIFICIAL 
PNEUMOTHORAX 


Report oF THIRTY-THREE CASES 


Joun S. Harter, M.D., anp ALLEN A. LiILIentHAL, M.D. 
SANATORIUM, Miss. 


XTRAPLEURAL pneumonolysis is defined as the operation of 
stripping the pleura from the fascia of the thoracie wall in order 
to allow the lung to collapse. The operation may be used to create a 
space (extrapleural pneumothorax) or to complete an_ ineffective 
pneumothorax. An ineffective pneumothorax due to areas of symphysis 
of the pleura may be converted to an effective pneumothorax by remov- 
ing the parietal pleura from the chest wall to which the lung is attached. 
Extrapleural pneumonolysis was used in thirty-three patients to con- 
vert an ineffective pneumothorax to an effective one. 

The operation apparently was first described by Sebestyen in 1932, at 
which time he reported twelve cases. The operation has been reported 
since by Monod and Kelley. Our present series of extrapleural pneu- 
monolyses was started in February, 1939. 


INDICATIONS 


Intrapleural pneumothorax uncomplicated by adhesions is generally 
conceded to be the most effective type of collapse therapy. At the 
Mississippi State Sanatorium about 98 per cent of the patients given 
pneumothorax have adhesions. Most of these patients can be given a 
satisfactory collapse of the diseased area of the lung by closed pneumo- 
nolysis, or, if necessary, by thoracoplasty. Pneumothorax in some of 
the patients is discontinued when it is determined that nothing short of 
thoracoplasty will collapse the diseased portion of the lung. 

Patients with an ineffective pneumothorax in many instances present 
an extremely difficult problem, particularly where the adhesions ecan- 
not be severed by the closed method of Jacobaeus. Patients with large 
cavities, who are going downhill despite bed rest, are frequently given 
pneumothorax in the hope of checking the disease sufficiently to allow 
a thoracoplasty. If the cavities are held open by the adhesions, the 
patient may not benefit by the pneumothorax and may become more 
toxie than before collapse therapy was started. Maintenance of the 
pneumothorax or re-expansion usually leads only to hopeless spread of 
the disease. 


From the Surgical Service of the Mississippi State Sanatorium. 


Read before the Twenty-third Annual Meeting of the American Association for 
Thoracic Surgery at Cleveland, Ohio, June 6, 7, and 8, 1940. 
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Another problem occurs in the patient with a small cavity that could 
be treated adequately by an effective pneumothorax. However, after 
pneumothorax is started and the lung is well collapsed, it becomes evi- 
dent that the adhesions cannot be cut by the closed method and a thora- 
coplasty must be done to close the cavity. 

The answer to both these problems in some eases may be the operation 
of extrapleural pneumonolysis. Some of the patients at the Mississippi 
State Sanatorium who presented these problems have been given an 
extrapleural pneumonolysis for an evaluation of the operation. The 
patients operated upon may be grouped as follows: 

1. Patients with large cavities, with disease throughout the lung, and 
with an ineffective pneumothorax due to adhesions that could not be 
severed with the closed or open method of pneumonolysis. These pa- 
tients were running a downhill course, many with bilateral disease, and 
were too sick to be considered for thoracoplasty. There were twenty 
patients in this group, nineteen with bilateral disease. 

2. Patients with small soft cavities or infiltrative disease without 
roentgenologie cavities, but with positive sputum on admission. An 
ineffective pneumothorax due to adhesions that could not be eut by the 
closed or open method of pneumonolysis was present in these patients. 
There were thirteen patients in this group, six with bilateral disease. 


ANESTHESIA 


General anesthesia with the carbon dioxide absorption technique was used for 
the entire series, without intratracheal intubation. Ether anesthesia induced with 
a small amount of cyclopropane was used because of the high oxygen concentration, 
quietness of respiration, and absence of coughing, and because there is less bleed- 
ing at operation than with cyclopropane. The sudden drop in blood pressure ob- 
served with cyclopropane near the end of the operation or after the patient has been 
moved into the recovery room has not occurred with the use of ether. The patients 
are awake, and the cough reflex is present at the completion of the operation. A 
gentle, positive pressure may be required while the chest is open. No instance of 
immediate postoperative spread of the disease was noted, despite the presence of 
areas of acute exudative disease in the contralateral lung in a few of the cases. 


TECHNIQUE 


The patient is placed in the lateral position with the arm held forward. A para- 
scapular incision similar to, but shorter than, the classical thoracoplasty incision is 
used. For apical adhesions the fourth rib is resected subperiosteally 4 to 5 inches 
back to the transverse process. For adhesions lower in the chest, the rib in closest 
proximity to the adhesion is resected. The pleura is stripped from the endothoracic 
fascia, as in extrapleural pneumothorax. The stripping is continued until the pleura 
to which the adhesion is attached is free before opening into the pleural cavity. An 
opening large enough to inspect the adhesions with a lighted retractor is then made 
through the parietal pleura. If further stripping is necessary, this can be accom- 
. plished more easily before greatly enlarging the opening into the pleural cavity. 
After the parietal pleura to which the adhesions are attached is completely stripped 
_ from the chest wall, the free pleura is cut as closely as possible to the chest wall and 
to the adhesions. 
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Closure of the defect in the chest wall is facilitated by passing two large liga- 
tures around the ribs above and below the resected rib and pulling the two ribs 
toward each other. With the ribs approximated, the periosteum and intercostal 
bundles can be sutured easily and do not appear to be under tension after the re- 
moval of the temporary large ligatures. The posterior end of the incision is closed 
by pulling the paraspinalis muscles over the defect. 

The patient is placed in a semireclining position as soon as conscious and rolled 
slightly onto the unoperated side. This position is probably not necessary and was 
not used in our early cases. However, the position seems logical to keep the lung 
from contact with the chest wall denuded of parietal pleura. Although the position 
is not ideal for protection of the contralateral lung, we have not seen any immediate 
contralateral spread of the disease. 

Frequent refills are given for the first postoperative few days. Usually a refill is 
given from two to four hours postoperatively and again later in the day. Two or 
three refills are given daily for from three to four days, until the wound becomes 
sealed. The intrapleural pressure is maintained according to the tolerance of the 
patient, which at first is only slightly positive. In the patients with large cavities, 
the pressure is gradually increased, as tolerated, until the cavities close. In the 
second group of cases the lung was partially re-expanded as soon as we were certain 
that no adhesions had formed. 


COMPLICATIONS 


Extrapleural pneumonolysis carries all the inherent dangers of extra- 
pleural pneumothorax, with the added factor of exposing the entire 
pleural cavity. 

Three patients of Group 1 (‘‘sieck group’’) have developed adhesions 
following extrapleural pneumonolysis. In one, the position described 
above was used; however, the pneumonolysis was very extensive. This 
patient obtained a collapse sufficient to close the cavities and has since 
had a thoracoplasty. In the second patient, the position was not used, 
but a portion of the second intercostal muscle was removed in the mid- 
axillary line because of adhesions extending through the parietal pleura, 
making it impossible to strip the pleura. There was some difficulty in 
closing the defect, which was about 2 em. in diameter. The cavity closed 
despite the postoperative adhesion. This patient would have had a 
thoracoplasty if it had not been for active disease throughout the middle 
lung field in the contralateral lung that could not be treated by pneumo- 
thorax. The third patient has been operated upon only recently, but the 
cavity seems to have closed. 

Postoperative hemorrhage from a large, oozing, denuded surface of 
endothoracice fascia was encountered in one patient. The oozing in this 
patient could not be controlled at operation by gauze packing or warm 
gauze applications. The oozing appeared to be quite slow, and it was 
thought that it would probably stop in a few hours. However, the 
oozing continued for four days, and the patient required repeated aspira- 
tions and transfusions. A Staphylococcus albus empyema developed, 
probably from the repeated aspirations. The empyema was treated by 
aspiration, irrigation with normal saline, and partial re-expansion of the 
lung. 
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The postoperative reaction was quite severe in the sick group (Group 
1). Considering that many of the patients were running a daily tem- 
perature of from 100 to 103° F. preoperatively, the inerease of the 
temperature to from 103 to 105° F. for a few days postoperatively is 
not surprising. There were two postoperative psychoses in this group 
which occurred in very sick patients. Both recovered completely. The 
postoperative reaction of the patients in the second group was minimal. 

The danger of rupture of tuberculous cavities into the pleural space 
in our sick group appears greater than with extrapleural pneumothorax. 
Two patients in this series, neither with large cavities, developed this 
complication. In one, the cavity apparently ruptured on the eleventh 
postoperative day, and in the other, on the eighth day. Both of these 
patients were extremely sick when operated upon and were poor choices 
if one is to consider keeping the mortality of the operation at a low rate. 
One (who was dyspneic preoperatively) died due to the infection 
coupled with insufficient lung tissue. The other patient died of hemor- 
rhage from the cavity into the pleura after apparent recovery from the 
empyema. 

Seven of the patients in Group 1 had definite tuberculosis of the 
pleura, and two had nontuberculous pleuritis at the time of operation, 
as verified by microscopic section. One of these seven patients had a 
tuberculous empyema. The wounds in all healed by primary intention. 

Only four patients did not develop fluid immediately postoperatively ; 
thirteen patients developed fluid prior to operation. Two patients with 
fluid prior to operation have absorbed the fluid postoperatively. Seven 
patients, who did not have fluid prior to operation, have persistent fluid 
following the operation. Only two patients in Group 2 developed fluid. 
One of them developed it preoperatively; this patient left the hospital, 
against advice, shortly after the operation and since has developed a 
tubereulous empyema. This is the only definite tuberculous empyema in 
the entire series. 

Ballooning of the cavities postoperatively occurred in two of the pa- 
tients in Group 1. The cavities were subsequently closed by positive 
pressure pneumothorax. 

Only two patients in the entire series have been given a contralateral 
pneumothorax due to increase of the disease. Both of these showed a 
very slow extension of disease already present before the operation was 
done. One was given a contralateral pneumothorax four months, and 
the other six months, postoperatively. Three had a contralateral 
pneumothorax at the time of the operation. 

The late complications are expected to be about the same as those 
which oceur with the usual intrapleural pneumothorax. All of the pa- 
tients in whom the lung has been kept completely collapsed have per- 
sistent fluid, as usually occurs in pneumothorax without adhesions with 
similar collapse. 5 
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RESULTS 


A satisfactory collapse was obtained in twenty-eight of the thirty-one 
living patients. The three patients who developed adhesions postopera- 
tively were greatly improved. One has had a thoracoplasty. One pa- 
tient has had the lung re-expanded without reopening of the cavity 
because of contralateral disease that could not be controlled with 
pneumothorax. The contralateral disease in this patient has cleared 
since the re-expansion. The third patient has been operated upon only 
recently. The cavity measured about 6 cm. in diameter prior to pneu- 
mothorax and now measures about 1 em. 

The sputa in all but one patient are now negative by the usual con- 
centration methods. Culture and guinea pig inoculations of the sputum 
have not been done. 

DISCUSSION 


Extrapleural pneumonolysis in Group 1 (sick group) may be an ex- 
tremely valuable life-saving procedure. The mortality in this group 
without extrapleural pneumonolysis or-with thoracoplasty has been 
practically 100 per cent in our hands. An attempt at re-expansion of 
the pneumothorax has led only to hopeless spread of the disease. Extra- 
pleural pneumothorax in these cases requires the separation of almost 
the entire parietal pleura to obtain an adequate collapse. Extrapleural 
pneumonolysis requires the stripping of the parietal pleura over an area 
only slightly larger than that covered by the adhesions. An ineffective 
intrapleural pneumothorax is converted into what is essentially an 
effective intrapleural pneumothorax, except for small areas of the chest 
wall denuded of parietal pleura. The intrapleural pneumothorax, in our 
opinion, is more effective than the extrapleural pneumothorax type of 
collapse in these cases. Extrapleural pneumonolysis is the least that 
could be done to collapse effectively the diseased lung in these extremely 
sick patients. 

Extrapleural pneumonolysis in our Group 1 is not expected to replace 
thoracoplasty, but only to prepare these sick patients for permanent 
collapse with safety. The re-expansion of a lung that has been largely 
destroyed by cavitation would probably be extremely hazardous, regard- 
less of the duration of the pneumothorax. 

The use of extrapleural pneumonolysis in the second group is open 
to question. All of these patients would have been good risks for 
thoracoplasty. If the adhesion had not been present, unquestionably 
this group should have been treated by pneumothorax. Whether the use 
of extrapleural pneumonolysis will suffice in place of thoracoplasty in 
this group can be told only with larger series of patients and when 
sufficient time has elapsed to evaluate the results. There is considerable 
doubt that an extrapleural pneumonolysis, with the long periods of 
pneumothorax refills necessary in any pneumothorax, is safer than a 
thoracoplasty. Three of the thirteen patients in this group were 
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adolescents with small soft cavities which certainly should have been 
treated by pneumothorax if possible. The extension of the use of extra- 
pleural pneumonolysis to avoid thoracoplasty when the latter is clearly 
indicated will probably lead to many disappointing results. 


CONCLUSIONS 


Extrapleural pneumonolysis may be used to convert an ineffective 
pneumothorax to an effective pneumothorax in eases in which the ad- 
hesions cannot be cut by the closed or open method. 

The results of subjecting thirty-three patients to extrapleural pneu- 
monolysis in order to establish an effective pneumothorax have been 
presented. 

The most striking results have been obtained in patients with large 
cavities and with an ineffective pneumothorax, with bilateral disease, 
who are too sick to be considered for thoracoplasty. 
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DISCUSSION ON ‘*EXTRAPLEURAL PNEUMOTHORAX, ”’ BY DR. E. C. JANES, DR. 

D. B. AITCHISON, AND DR. A. FORSBERG; * AND ‘‘EXTRAPLEURAL PNEUMONO- 

LYSIS IN ARTIFICIAL PNEUMOTHORAX,’ BY DR. JOHN S. HARTER AND DR. 
ALLEN A, LILIENTHAL 


DR. E. J. O’BRIEN, Derroit.—A taxicab took me to the wrong place this morn- 
ing, and I had to walk for some distance to get here. I arrived just a moment ago, 
so, I am sorry, I did not hear the paper read. As I was walking over here, I 
thought of what I might say, and it struck me that at Christmas a year ago I re- 
ceived a card from the world’s most perfect gentleman, one of our keen medical 
minds, Dr. Archibald. All he said was: ‘‘Dear Pat, I don’t think much of extra- 
pleurals.’’ That was all—not even ‘‘Merry Christmas.’’? (Laughter.) That is 
about the way I feel about it too. 

I listened yesterday afternoon and again this morning to these papers discuss- 
ing procedures that some expect to supplant thoracoplasty. I was impressed particu- 
larly with the modesty with which all the papers were presented. At one time 
yesterday afternoon I was a little fearful, when Dr. Kupka cured empyema by 
draining a tuberculous eavity. I thought the thing might be good for bunions. 
(Laughter.) However, it all settled down, and T think that if we get a proper 
perspective of both the Monaldi and the extrapleurals, we shall come to about the 
same conclusion—that they are necessary evils that have to be used occasionally, 
but they cannot, and will not, in any sense, replace thoracoplasty. 

In thirty-three of the group of patients that have just been mentioned, twenty 
were in the very sick group. I would like to pause there for a moment. There are 
many crimes committed under that guise or that classification of patients too sick for 
thoracoplasty. Just how this is decided has never been quite clear to me, but any 
time a new procedure is undertaken, the argument is usually advanced that the 
patients were too sick for thoracoplasty; pet procedures, therefore, are employed. 


*See page 8 for article by Janes, Aitchison, and Forsberg. 


22 THE JOURNAL OF THORACIC SURGERY 


As a matter of fact, in the paper you have just heard, the statement was (I 
copied it from the paper) that ‘‘the patients became very, very sick following 
extrapleural pneumonolysis in this group.’’ I am quite sure that is not often true 
of thoracoplasty. It is quite clear to me, and I think it is to most of you, that 
a graded thoracoplasty can be done with less shock to a patient than an extrapleural 
pneumothorax where the lung has to be stripped away down to the seventh or 
eighth rib, or even an extrapleural pneumonolysis, where you have to strip off the 
adherent lung from above and continue down until a satisfactory extra- and intra- 
pleural collapse is accomplished. You have done more work and you have dis- 
arranged more lung tissue with either of these procedures than you would with 
thoracoplasty. A graded thoracoplasty does not make the patient particularly sick. 
We have practically no postoperative shock from the procedure. In your clinics, I 
am sure, you do not have them. So I think we are going a long way around trying 
to find something to supplant that which we already have and which is doing a 
fairly good job. 

In this first group of patients, it was stated that extrapleural pneumonolysis was 
done because it is quite disastrous to allow a lung to re-expand after imperfect 
collapse has been obtained. That is not our experience. I think usually you can 
re-expand the lung safely, without expecting a marked exacerbation in symptoms. 

Why were the patients so sick in that first group? There was little parenchymal 
infiltration around the cavities; patients do not get sick from cavity per se. When 
the fury of the first onslaught of tuberculous infection is over, and the caseating 
mass has been expelled through the bronchus, a cavity remains. Patients are not 
made very ill from the cavity itself unless it is a blocked or partially blocked one 
containing debris which cannot get out. If some extrapulmonary lesion or blood 
stream infection does not exist, these patients will improve symptomatically if given 
a little time. 

In the second group, with light infiltrations and small cavities, I see no possible 
excuse for doing an extrapleural pneumonolysis without trying that new procedure 
that I think you have all heard me mention once or twice before—a phrenic nerve 
operation. There are many very excellent men who believe in leaving the patient 
with that type of lesion on bed rest alone, without even trying a phrenic. I object 
to that, but I also object to jumping from doing nothing to a procedure that, in 
my opinion, is more drastic than thoracoplasty. 

The reports that I have seen of extrapleural pneumothorax or extrapleural pneu- 
monolysis are all the same. It is stated that there are ‘‘a number of patients’’ 
with negative sputum, no cough, or elevation of temperature, but they are not dis- 
charged patients whose lungs are re-expanded and whose treatment is .discontinued. 
There are no reports of a group of over five hundred within a few years, as I 
reported last year of cases following thoracoplasty, in which the patients are well 
and doing their work. 

In the last paper, you beard the statement made of the persistent fluid in patients 
with extrapleural pneumonlysis. To me, that is a danger sign. I believe it best to 
start re-expanding the lung and getting ready for thoracoplasty, because later, when 
you want to re-expand it, you probably will not be able to do so. Pneumothorax, 
both intrapleural and extrapleural, is fine going down, and you get beautiful and 
immediate results, with negative sputum, but there is a long, hard, rough road ahead 
before the patient’s lung is re-expanded and he is rehabilitated and back in the 
community. 

How much more beautiful is thoracoplasty! Why should we be getting away 
from it? In two stages, in many instances, it is completed, the diseased area is 
permanently collapsed, and healing takes place. 

Now let’s look at the Monaldi operation. Theoretically, it is a beautiful procedure 
and has to be used occasionally. Eloesser taught us more about blocked cavities 
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than we had known before, and certainly presented a problem that worried all of us 
who are doing thoracic work. A Monaldi operation will be of some help in assisting 
thoracoplasty in some of these patients; I am quite sure, however, that we do not 
have to wait years to find whether the Monaldi drainage is going to close large, 
thick-walled cavities at the apex, and it is usually in such a group of patients that 
I see the procedure tried time and time again. Even Monaldi himself said that 
the indications for the operation are small, thin-walled cavities in the lung, with 
enough parenchyma around them to contract so that they may close. I know of one 
patient in whom drainage was instituted for a moth-eaten area just ‘‘to suck out 
the juice’’—so it was stated. This is going pretty far. A large apical cavity can 
have its walls approximated following a Monaldi operation, as you saw it done 
yesterday, if the mediastinum will shift and the diaphragm come up, but it isn’t 
going to stay there. To use it as a temporary procedure to approximate the cavity 
walls while doing thoracoplasty is one thing; to expect a cavity to be closed perma- 
nently with drainage alone is another thing. 


Let us not be silly, and carry the indications of this procedure to all sorts of 
cavities, regardless of their location or type. There are some things you don’t have 
to try; it is obvious that they cannot succeed. 

Dr. Kupka said yesterday that there were no complications. That is pretty hard 
to believe. Any time you insert a trochar through lung tissue, especially diseased 
tissue, there is grave danger of embolus, hemorrhage, and spread of infection. 
Still there are no complications! Let us keep our feet on the ground. These are 
all good procedures, and we are all willing to use them once in a while, but let us 
not jump over phrenics in small lesions of light infiltrative character or lesions with 
small, soft-walled cavities, into procedures more serious and dangerous than thora- 
coplasty. Let us not try to make too much of some theoretical hope. I think some 
of us, once in a while, get tired of doing the same procedures, and wonder if there 
isn’t something new we could do. We think at night, conceive of some new instru- 
ment, and then try to figure out an operation in which we can use it. (Laughter.) 

I only hope that none of us leave here thinking, ‘‘ Well, we have found some 
new procedures, the Monaldi and extrapleural, that will supplant thoracoplasty,’’ 
and go back and start using them for this purpose. We haven’t found anything 
new that will accomplish this. We are still back where we were, and I hope we 
stay there until some procedure superior to thoracoplasty is found. I thank you. 


DR. DUANE CARR, Mempuis.—After Dr. Harter’s interesting presentation 
and Dr. O’Brien’s interesting discussion, I feel there is very little that I can 
add to this subject, except to confirm the fact that in certain cases Dr. Harter’s 
patients are selected from a group which I feel would not tolerate a thoracoplasty 
at the time, and which I believe have been well selected for the combined extra- 
pleural and intrapleural pneumothorax. The immediate results are good. I have 
had a little experience with the operation myself, and I have been pleased so far with 
the results. 

On the other hand, I thoroughly agree with Dr. O’Brien that we must not let our 
enthusiasm lead us to attempt this procedure, which is not a minor procedure, in 
patients who have not responded to less radical measures. 


A few of those cases, one or two with thin-walled cavities, I agree with Dr. 
O’Brien, might have had a phrenic nerve operation. At the same time, many of us 
are located in a portion of the country where circumstances demand that we place 
patients back in their own communities with negative sputum and able to support 
their families at the earliest possible moment. I realize that is not an argument to 
use before a scientific body, but, as John Alexander used to say when I worked with 
him, ‘‘ After all, we do have to consider the patient.’’ It is of prime importance in 
some sections that we treat tuberculosis perhaps more vigorously and more actively 
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than we would be inclined to do if the patients were economically situated so that 
they could spend an unlimited amount of time under our care. 


DR. EDGAR W. DAVIS, WasuineTon, D. C.—I enjoyed Dr. Harter’s and Dr. 
Janes’ papers. I wish Dr. O’Brien had waited until I had spoken before he said 
what he did. I had the pleasure of reviewing all of Dr. Harter’s cases some two 
or three weeks ago; I reviewed very carefully and minutely each one of the x-rays. 
It is true that no long period of time has elapsed since those procedures were done, 
but I do feel that those cases were very carefully selected. 

Perhaps Dr. O’Brien is perfectly right. Some of the papers that have been read 
during the combined meetings have led some of us to wonder whether or not thora- 
coplasties are still being done. We do know that they are being done, but there are 
certain cases, according to the medical staff in the various places where I work, in 
which thoracoplasty is definitely contraindicated. 

What Dr. Harter’s cases will show five or ten years from now, no one can say, 
but for the time being, those patients have shown remarkable progress. 

Dr. Carr is exactly right in the consideration of certain economic factors. We 
who are in private practice, whose surgery is limited almost exclusively to private 
patients whose hospital bills run into several hundreds of dollars and whose money 
has been almost completely exhausted before reaching the surgeon—we must consider 
the patient in addition to the disease. 

In my cases, I have done twenty apical pneumonolyses. I speak of this particular 
type of procedure that Dr. Harter has shown as a conversion type, an intra- 
extrapleural or extra-intrapleural. I have not been designating them as extra- 
pleural pneumonolyses. I have used that term to distinguish them from our ordi- 
nary extrapleural pneumothorax, without superimposing it on the conventional intra- 
pleural pneuothorax. 

Of these conversion types, I have performed twenty apical and one basal. TI still 
question the judgment that was used in doing the basal one, because it was a huge 
spherical cavity in the left lower lobe. In my opinion, a lobectomy should have been 
done. I am anxious to see what some of you are going to say on lobectomy for 
tuberculosis. I insisted on doing a lobectomy on this patient, but the medical con- 
ference did not agree. Therefore, we did an extrapleural basal and converted it 
into the conventional apical pneumothorax. 

I have made three attempts on patients in whom I could not complete the opera- 
tion. One of those patients was in my first group. He died, and looking back over 
the case, I realized that I did the very same thing that I have cautioned surgeons 
who are starting out on a relatively new procedure not to do. In other words, I 
attempted to force a line of cleavage through the endothoracic fascia. For you 
gentlemen who have not been doing this procedure, that is one of the best ‘‘don’t’s’’ 
I know—do not force the line of cleavage. 

I had one complication. Whether you call it a tuberculous empyema is for you 
to decide. Guinea pig inoculations, smears, and cultures have all been negative, 
but the fact remains that the pleural cavity still contains a very thick pus. That 
patient, I felt, was greatly neglected in the postoperative care. We keep the fluid 
aspirated and maintain an equilibrium of pleural pressures with pneumothorax. 
This fluid should be aspirated. This patient stayed with me about three weeks; 
upon discharge, he went to a sanatorium where the fluid was not kept aspirated. 
They let it fill up, and he remained so for nine weeks, at which time he developed 
a cold. Following this, he ran an elevated temperature of 103 to 104° F. for 
about another five weeks. When he came back to me this collection of pus was 
aspirated, and his temperature was promptly controlled with the pneumothorax. 


(Note: This patient’s cavity is now closed, and the sputum has not contained 
tubercle bacilli upon several concentrated examinations. ) 
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There are two definite contraindications, as I see it. One that we all know 
is extrapulmonary tuberculosis, too much tuberculosis on the contralateral side; 
anyone would consider that a contraindication. 

The other contraindication, I feel, is more or less of a technical problem. The 
other contraindications, which may be grouped under one head, are technical dif- 
ficulties. If the pleura is thick and extrapleural space is obliterated, I do not feel 
that any attempt should be made to force the line of cleavage, thereby obtaining 
a collapse. 

So far I have not performed this operation on patients in whom a thoraco- 
plasty would be considered desirable, and I think Dr. Harter has considered that 
same thing. 


DR. MINAS JOANNIDES, Cuicaco.—The problem of indications and results 
from extrapleural pneumonolysis with extrapleural pneumothorax has been ably 
discussed by the previous speakers; therefore, I will not take time to discuss it 
further. However, I ask your indulgence for a few moments for the privilege 
of showing you a short moving picture demonstration of a technique which was 
developed by Dr. Otto C. Schlack and myself at the Tuberculosis Division of Oak 
Forest Institutions of Cook County. It is a technique utilizing an axillary approach, 
first suggested by Dr. Evarts A. Graham. TI shall attempt to emphasize some of 
the advantages of this approach while the moving picture is being projected. These 
advantages may be enumerated as follows: 

1. The adherent lung may be easily reached in most cases without injuring any 
of the superficial muscles of the chest because the approach is made by the use of 
a blunt dissection throughout the operation. 

2. Sensitive patients will not have to make excuses for unsightly scars resulting 
from anterior or posterior incisions. The natural position of the arm serves to 
hide the sear. 

3. A maximum amount of space can be produced at one sitting because, through 
the axillary position, one has an easy access to the whole chest cavity extending 
upward to the dome of the chest and downward almost to the diaphragm. Likewise, 
a dissection can be effected completely over to the mediastinum anteriorly and the 
vertebral border posteriorly. 

I wish to congratulate both Dr. Janes and Dr. Harter and their co-workers for 
the excellent presentation of the subject of extrapleural pneumothorax. 


DR. CARL EGGERS, New YorKk.—I do not want to discuss the papers, but I 
would like very much to have the authors of the two papers tell us exactly what 
they are doing. 

From the description of the technique used by Dr. Janes and his collaborators, 
it appears to me that it does not differ from the method which we call extra- 
pleural pneumothorax. I would like to know the difference between extrapleural 
pneumonolysis and extrapleural pneumothorax. 

The second paper, presented by Dr. Harter and Dr. Lilienthal, is well described 
in the abstract and has been clarified by the discussion. There appears to be a 
definite field of application for the procedure. 


DR. DEAN B. COLE, RicuHMonp.—I would like to know if either of these gentle- 
men have had experience with extrapleural pneumonolysis in case of emergency, 
for example, to control pulmonary hemorrhage. 


DR. JANES.—If Dr. O’Brien lost his breath in the last few blocks over here, 
T see he recovered it very quickly and very nicely. (Laughter) 

We are not using this procedure to supplant thoracoplasty. I hope we did 
not leave that impression. It is a procedure with different indications. It is 
used when thoracoplasty would not appear to be a suitable or safe operation. 
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I am not convinced that thoracoplasty is a less dangerous operation in this par- 
ticular type of case, particularly with bilateral disease. We still do phrenics in 
Hamilton, 

It is searcely fair to condemn this procedure by citing 500 patients who returned 
to work following thoracoplasty. For one thing, it would be interesting to know 
how many of those patients have a positive sputum a year or two years afterward. 
This is a new procedure and no one has a series of 500 cases to talk about, but we 
should evaluate our cases as we go along. 

Of our seventy-five cases, we have discharged thirty-four patients. 

Certainly, we hope to keep on thinking about new procedures. We do not 
want to stay in a rut and not think up something new. 

There was a question of whether we had performed this in an emergency. I 
would say, in one instance, yes. One of our patients had the operation because 
of repeated severe hemorrhages, usually occurring at the time of each menstrual 
period. A few days before operation, she coughed up about 60 oz. of blood. We 
did this extrapleural stripping, and her hemorrhages ceased and she has done very 
well. 

Dr. Joannides’ movie was interesting. As far as technique is concerned, it is 
more or less irrelevant to this particular paper because we are discussing results. 


DR. HARTER.—I am sorry I left the impression that we were substituting this 
operation for thoracoplasty. That is not the intention at all. I think all of these 
patients in the sick group should have permanent collapse. These patients were 
not made sick by the pneumothorax; they were sick previously and had fever 
previously. The temperature did not change much after instituting pneumothorax. 

The history of these patients runs back from one to seven years. Many of 
them had been on bed rest for many months before entering the sanatorium. 
We have x-rays on many of them, made during the last two or three years. We 
know that they are advancing and what their past history has been. 

I do not want to leave the impression that these patients are admitted to the 
hospital and started on pneumothorax the next day. That is actually what happened 
with many of them, but it is simply a matter of change of place of treatment at 
the time the collapse therapy was started. 

I have never been able to perform thoracoplasties on these patients with large 
cavities, running temperatures of 102 or 103° F., and have them survive the 
postoperative spread. These patients did not have postoperative spread, and all 
except one had acute exudative disease at the time of operation. 

It has not been a question of shock. The patients with ether anesthesia tolerate 
the operation very well and tolerate thoracoplasty well. It is not.a matter of get- 
ting them through thoracoplasty; it is a matter of surviving the operation. 

The second group is open to question. However, the patients were carefully 
selected among a group of younger people and some adolescents who had not 
responded to bed rest at home. 

We have used the phrenic operation in some of the cases. I do not know 
whether tuberculosis is different in the South than it is in the North. My training 
was in the North, and these patients do not do the same as they do in the North. 
I do not know why. Our sick group does not become chronic under treatment of 
phrenic operation and bed rest, as they do frequently in the North. I have tried 
that down there, and if we do not hurry these cases and get the cavity closed, 
the disease spreads quickly. Those that we treated that way are all dead. 

Our economic question is great in Mississippi. We have 1,200 deaths in Missis- 
sippi alone in a year. We have a bed capacity of 350. We have to move along. 
These patients were all white. Our population, you know, is 51 per cent Negro. 

In answer to Dr. Cole, we have followed this procedure in patients with hemor- 
rhage. We have waited until the hemorrhage has subsided. 
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BRONCHOSPIROGRAPHY 
1. DESCRIPTION OF THE CATHETER AND THE TECHNIQUE OF INTUBATION 


A. Zavop, M.D. 
Mount VERNON, N. Y. 


HE catheter* (Fig. 1) used in bronchospirography is made of soft 

latex rubber, boilable, 55 em. long, and slightly oblong in cross see- 
tion which measures 1.0 em. by 1.2 em. It has two channels measuring 4 
mm. by 5 mm. each in eross section. One channel, the bronchial, extends 
over the entire length of the catheter; the other channel, the tracheal, is 
9 em. shorter. The bronchial channel has an inflatable rubber bag 
situated 0.5 em. from its end; a capillary air lead opens into the bag. 
A larger bag with its respective capillary air lead is found around the 
entire catheter 1 em. above the opening of the tracheal channel. The 
bronchial and tracheal bags can be inflated to diameters of 2.5 and 5 
em., respectively. The bronchial end of the catheter has 5 em. of special 
flexible steel plate incorporated into its wall; this permits angulation of 
the catheter to correspond to the angle formed at the junction of the 
left bronchus and trachea. The eapillary air leads and the flexible steel 
plate are opaque to roentgen rays and are readily visualized under the 
fluoroseope. 

It is important to introduce the bronchial end of the catheter into the 
left main bronchus since at least 3 em. of nonbranching bronchus are 
necessary to engage the bronchial bag when inflated. The left bronchus 
is about 5 em. long before it begins to branch and is, therefore, entirely 
suitable for intubation. Intubation of the left main bronchus eliminates 
the possibility of erroneous results due to blockage of a bronchial branch 
as might be the ease in the right main bronchus which begins to branch 
2 em. from its junction to the trachea. 

The construction of the catheter, as described above, permits graphie 
analysis of the function of each lung separately when the catheter is 
intubated and connected to recording spirometers. The device is not 
new although in 1937 when I designed the catheter I was unaware 
that Jacobaeus,' in 1932, had used a double bronchoscope for a similar 
purpose and Gebauer? lately had described a flexible catheter which he 
designed for bronchospirometry. 

Equipment for Intubation—In addition to the bronchospirography catheter (Fig. 


2a) the equipment consists of two mercury or aneroid manometers, one for each in- 
flatable bag; these measure the amount of pressure necessary to inflate the bags to a 
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*The catheter described in this paper is manufactured by the Davol Rubber 
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given diameter. Rubber conecting tubing and glass adapters are used to connect the 
manometers, by way of the capillary air leads, to the rubber bags. A 2 per cent 
solution of nupercaine is used for topical anesthesia of the pharynx, and a 4 per cent 
solution of cocaine is used to anesthetize the larynx, trachea, and left bronchus. A 
10-c.c. Luer lock syringe, a laryngeal cannula to fit the syringe, a DeVilbiss spray 
bottle, alcohol lamp, gauze sponges, and 70 per cent alcohol make up the rest of the 
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Fig. 1.—Structural drawing of the bronchospirometry catheter. 


equipment essential for intubation. A battery type laryngeal mirror, when available, 
simplifies the procedure by eliminating the head mirror, concentrated light, and 
ordinary laryngeal mirror. A flexible steel stilet (Fig. 2d) with a laryngeal curve on 
one end is used as a guide during intubation; it also gives rigidity to the catheter 
and facilitates the procedure. 

Preparation of the Patient.—First, the purpose of bronchospirography and the 
steps of the procedure are explained to the patient in simple terms and in a language 
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that he can understand. Confidence and cooperation of the patient are most essential. 
He is instructed to take nothing by mouth for five hours prior to the intubation; 
from 1/150 to 1/75 grain of atropine is given hypodermically, and from 15 to 30 
grains of sodium bromide in one-half glass of water are given by mouth one-half hour 
prior to the intubation. The patient is to brush his teeth and gums thoroughly and 
rinse his mouth with an antiseptic mouthwash. 


Fig. 2.—a, Photograph of the catheter; b, the tracheal and bronchial bags inflated ; 
c, angulation of the bronchial end corresponding to the angle at the junction of the 
left bronchus and trachea; d, stilet; e, stilet within the bronchial channel, catheter 
ready for intubation. 


Preparation of the Operator and the Equipment.—Sterile technique is to be em- 
ployed. The hands are scrubbed with soap and water and rinsed in alcohol. Gown, 
cap, and mask are worn, largely for the operator’s protection. Gloves are not neces- 
sary. The catheter and stilet are sterilized by boiling for five minutes. The open 
ends of the capillary air leads are folded over and tied off with a rubber band be- 
fore being placed in the sterilizer, to prevent water from entering the rubber bags 
while boiling. The equipment that cannot be sterilized by boiling, such as the battery 
laryngoscopie mirror, is washed with 70 per cent alcohol. After sterilization the 
bags of the catheter are connected to the manometers and are inflated (Fig. 2b) to 
determine the pressure necessary to distend the bags to a given diameter. 

Intubation.—The patient is seated behind the fluoroscopic screen, and his chest is 
fluoroscoped. Extent of disease and anatomic abnormalities are noted. The shutters 
on the fluoroscopic screen are now reduced to a small rectangle, and the trachea and 
main bronchi are studied in the ventrodorsal and oblique positions. Whenever pos- 
sible, the angulation of the left bronchus is noted. The screen is now moved out of 
the way, and the anesthesia is given. The patient is instructed to pull gently on 
his tongue with a piece of folded gauze in his right hand and to breathe deeply. The 
throat is sprayed several times with nupercaine during deep inspiration. Swallowing 
is not permitted; the patient is instructed to spit excess saliva into a receptacle. 
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The spraying is repeated until the pharynx is insensitive. Usually about 2 to 3 
c.c. are sufficient. After good anesthesia is obtained in the pharynx, the larynx 
can be studied easily with the laryngoscopie mirror. Malformations or pathologic 
changes should be noted. Two drops of cocaine are placed through the laryngeal 
cannula on the free border of the epiglottis; one drop is placed in the in- 
terarytenoid area. The patient is now instructed to attempt to make the sound 
E-e-e-e, and as the cords are adducted, another two drops are placed on the cords. 
About 0.5 ¢.c. of cocaine is now dropped along the walls of the trachea while 
the patient is breathing deeply, with the cords in abduction. Another 0.5 c¢.c. is 
introduced while the patient is leaning toward the left. Cough is always present 
when tke cocaine hits the carina and the left bronchus; it subsides, however, with- 
in a few seconds. 


The bronchial end of the catheter is now bent (Fig. 2 c) to correspond to the 
angle at the left tracheobronchial junction. The stilet is introduced into the 
bronchial channel of the catheter; the latter will assume the curvature and firmness 
of the stilet (Fig. 2 e). The tip of the stilet must never protrude beyond the 
bronchial opening of the catheter, for injury to the trachea may result. Under visual 
control with the aid of the laryngeal mirror, the catheter is introduced between the 
cords, raised upward, and fed into the trachea for a few centimeters. The stilet is 
removed, and the catheter is gently slipped a few centimeters farther into the trachea. 
Some patients become slightly dyspneic whén the double channel section of the 
catheter passes the cords. This is caused by a sudden reduction in the amount of air 
to reach the lungs since the sum of the cross section diameters of both channels of 
the catheter is much less than the diameter of the trachea. However, readjustment oc- 
curs quickly when the patient is advised to breathe deeply, quietly, and evenly. Should 
spasmodic cough occur, a few drops of cocaine are poured into the extrinsic end 
of the bronchial channel and the catheter is raised to permit the anesthetic to run 


down into the bronchus by gravity. 


Fig. 3.—1, Correct position of the catheter in the trachea and left bronchus. 2, 
Tracheal bag underinflated. Leakage of air from the right lung. 38, Bronchial bag 
underinflated. Leakage of air from the left lung into the tracheal channel carrying 
air from the right lung. 4, Catheter too far down. Obstruction of the tracheal channel. 
5, Catheter too far down, tracheal and bronchial channels in the left bronchus. 6, 
Catheter not down far enough, left bronchus not entered, obstruction of left bronchus. 


The patient is now told to let go of his tongue, and the intubation is continued 
under fluoroscopic control. The vertical shutters of the fluoroscopic screen are 
closed down to a rectangle of 10 em. in width; this gives good definition of the 
opaque guides in the catheter. The catheter is turned so that the curve in its 
bronchial end is toward the left, and it is gently pushed downward until it enters 
the left bronchus. The tip of the catheter should come to rest in a position in the 
left bronchus about 3 to 4 cm. from the bifurcation of the trachea. The intubation 
is now completed. A wad of folded gauze about 2 em. thick is placed between the 
patient’s teeth, and he is instructed to bite on it. This permits fixation of the 
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catheter in position without material compression of its channels. To further min- 
imize the chance of displacing the catheter during transportation to the laboratory, 
the patient is instructed to hold the tube with the thumb and index finger of his left 
hand at the lip margin and warned not to move it in or out of the mouth. The 
patient is now transported in a stretcher to the laboratory; he is given a pad and 
pencil and told to write down any communication he wishes to make. 

The bronchial and tracheal ends of the catheter are connected to the respective 
spirometers, and the valves are turned on. If the catheter is properly intubated, 
there should be an immediate excursion of the cylinder in each apparatus. The 
manometers are connected to the capillary air leads, and inflation of the rubber 
bags in the catheter is begun. The bronchial bag is inflated first. When the 
bag is sufficiently inflated to touch the walls of the left bronchus, a slight fluctuation 
of the mereury in the manometer will be noted on respiration—a drop or inspiration 
and a rise on expiration. The distention of the bag is maintained throughout the test 
by clamping off the tubing with a laboratory clamp. The same procedure is followed 
for the inflation of the tracheal bag. It takes about twenty minutes to obtain the 
various data necessary for a complete test of respiratory function of each lung. 

The errors of intubation are few. They are readily detected and corrected with- 
out removal of the catheter. Fig. 5 shows the proper position of the catheter and the 
various possible malpositions. 


CONTRAINDICATIONS 


The most important contraindication is tuberculous ulceration of any 
part of the larynx, trachea, or bronchi. Intubation should not be done in 
patients who are extremely dyspneie because of pulmonary or cardiac 
disease. Patients who have high fever or who are otherwise very ill 


should not be subjected to intubation. 


SUMMARY 


A eatheter for bronchospirography is described. The technique of in- 
tubation is outlined. 
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BRONCHOSPIROGRAPHY 


PRELIMINARY REPORT 


2. APPLICATION TO COLLAPSE THERAPY: 


GrorGE LEINER, M.D., AND Max Pinner, M.D., New York, N. Y., AND 
A. Zavop, M.D., Mount VERNON, N. Y. 


ORE than seventy bronchospirographice examinations were made on 
about sixty patients. Irom these data, we wish to present five 
patients in whom such studies were done before and following some 
collapse procedure. We wish to show (1) how the disease influences 
the mechanics of respiration, separately for each lung, and (2) how the 
various collapse measures alter these mechanisms, with particular refer- 
ence to the compensatory processes that insure the continuance of normal 
respiratory function within certain limitations. 


CASE 1.—The first patient, a woman 37 years of age, had a thirteen-year history 
of tuberculosis of the right upper lobe. (Fig. 1.) Following unsuccessful attempts 
at pneumothorax, a permanent phrenicectomy was performed in 1937; this was fol- 
lowed by considerable improvement. However, she broke down again in the spring 
of 1939, and in the fall of 1939 a two-stage thoracoplasty involving seven ribs was 
performed. 


Fig. 1.—Roentgenograms of Case 1. 


Chart 1 shows the results of bronchospirographie studies before and 
after thoracoplasty. Before the operation her oxygen consumption 
was much reduced on the right side; undoubtedly this was caused more 
by the paralyzed diaphragm and obliterated pleural space than by the 
parenchymal involvement. No doubt because of these complicating fac- 
tors, there is no evidence in this case of compensatory mechanisms fol- 
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lowing the operation, save for an increased respiratory rate. It may 
possibly be assumed that the more easily available compensations had al- 
ready taken place before operation. It is interesting to note the minimal 
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Chart 1. 


Charts 1-5.—Bronchospirographic results in the five patients presented. The first 
bar in each group belongs to the preoperative, and the second bar to the postoperative, 
examination. The preoperative and postoperative examinations coincide approximately 
with the dates of the respective roentgenograms. 


amount of reserve air on the diseased side, further reduced by thoraco- 
plasty. This indicates that both diaphragmatic paralysis and thoraco- 
plasty force the lung toward the expiratory position and reduce the 
volume of the mixing chamber of the lung. 

CASE 2.—The patient, male, 35 years of age, with an eleven-year history of pul- 
monary tuberculosis involving mainly the left side, was treated with pneumothorax 
from 1929 to 1935. (Fig. 2.) However, a cavity reappeared in the left lung, and in 
January and February, 1940, a two-stage thoracoplasty involving five ribs was per- 
formed. 
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Fig. 2.—Roentgenograms of Case 2. 
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Chart 2 summarizes the results of bronechospirographie observations 
before and after thoracoplasty. As a result of disease and former 
pneumothorax treatment, the oxygen consumption is minimal on the left 
side, but is not further reduced by thoracoplasty. However, the minute 
volume is reduced from 2.5 L. to 0.5 L., indicating that the operation has 
eliminated only functionally dead space and has improved the economy 
of respiration, as indicated by the reduction of the ventilation 
equivalent* from 10 to 2 L. In this patient, too, the reserve air is 
further reduced by the operation, which probably contributes to the 
enhanced economy of respiration. The contralateral side has not in- 
creased its mechanical efforts; here, too, the ventilation equivalent has 
decreased ; the total oxygen consumption remains the same. 

The next patient (Case 3) (Fig. 3) is presented to show the effect of 
pneumonolysis on the right side, which inereased pulmonary collapse 
from about 40 to 80 per cent (Chart 3). The operation has but slightly 
decreased oxygen consumption on the right; there is a proportionate 
decrease of tidal air and minute volume. After operation the contra- 
lateral side shows considerable increase in oxygen consumption, which 
is made possible in part by an increase in the tidal air. However, the 
efficiency of respiration, as indicated by a drop in the ventilation 
equivalent, is improved; this must probably be explained by a ecardio- 
vascular factor and, again, by a marked reduction of the reserve air. 
This latter change is probably caused by some degree of collapse trans- 
mitted from the right side. The collapsed right lung is, before and 
after pneumonolysis, in marked expiratory position, as shown by the 
fact that there is no reserve air. 

Case 4.—In this patient (Fig. 4) we wish to show the effect of a two-stage 
thoracoplasty involving seven ribs which was done with the aim of obliterating a 
large apical cavity and a residual empyema space on the right. 


Chart 4 shows that the right lung, despite a considerable vital 
capacity and a minute volume greater than that of the contralateral 
side, contributed only less than one-fourth to the total oxygen con- 
sumption. Following the operation, the oxygen consumption on the 
right was but slightly decreased, while the vital capacity dropped 50 
per cent, producing a much more economical function on the right, as 
demonstrated by a reduction of the ventilation equivalent from 4.7 to 
2.8 L. Again, the considerable reduction of reserve air should be 
pointed out. Concomitantly, there is on the contralateral side some 
increase in the tidal air and minute volume, representing a real though 
moderate increase in respiratory labor. 

Case 5.—The last patient, a woman 31 years of age, has a ten-year history. 
(Fig. 5.) From 1932 to 1936 she had pneumothorax on the left; from 1936 to 1938, 
on the right. In September, 1939, right pneumothorax was reinduced because of 

‘t'on and excavation. 


*The ventilation equivalent is the volume of air ventilated from which 100 c.c. 
of oxygen is absorbed. 
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Fig. 4.—Roentgenograms of Case 4. 
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Fig. 5.—Roentgenograms of Case 5. 


LITERS 
17 


36 


COMPLEMENTARY 
AIR 363 


TIDAL AIR 238 


RESERVE AIR 249 
26, 86 5.00,5.27 1643522 9.79 


RIGHT LITERS 


10 
9 
8 
7 
6 
5 
4 
3 
2 
1 


COMPLEMENTARY 
AIR 13 


TIDAL AIR 


il RESERVE AIR 


192 , 195 5.00615 221,269 
CONSUMPTION CAPACITY VOLUME EQUIVALENT BREATHING 


Chart 5. 


38 
| 
4 
1600 
1400 12 
"1 
1200 
N 
| 
200 Y 229 
1200 
800 \ 
\ 
OU \ 
200 


LEINER ET AL.: BRONCHOSPIROGRAPHY 39 


Bronchospirographie studies were made shortly before reinduction 
and six months following. Only a relatively small mantle pneumo- 
thorax was present at the time of the second study (Chart 5). The 
contralateral left lung, showing marked shrinking and fibrosis, had 
preoperatively a minimal oxygen consumption despite an almost nor- 
mal tidal air. In other words, there was a particularly poor utiliza- 
tion of the ventilated air, as expressed by the excessive magnitude of 
the ventilation equivalent of more than 16 L. Why, following pneumo- 
thorax on the right side, oxygen consumption increased on the left 
side remains unexplained. But since it was not associated with an 
increase in minute volume, resulting in a much more efficient utilization 
of the ventilated air, it must be assumed that the cardiovascular factor 
is mainly responsible for this improvement, aided by some collapse, as 
shown by the decrease in vital capacity and reserve air. The collapsed 
lung maintained its preoperative oxygen consumption by a slight in- 
crease in tidal air and minute volume. This shows that a moderate 
pneumothorax under negative intrapleural pressure does not neces- 
sarily decrease the respiratory function of the collapsed lung, at least 
under resting condition. Why, in this patient, an inerease in all pul- 
monary volumina of the collapsed lung should have occurred is not 
clear to us; but it is evident that an expansion of the thoracie cage 
must have developed. 


SUMMARY AND CONCLUSIONS 


Bronchospirographie studies on patients with pulmonary tuberculosis 
are helpful in defining indications and contraindications in regard to 
the functional changes caused by the disease and expected to oceur fol- 
lowing collapse therapy. 


In the five cases presented, some of the compensatory mechanisms fol- 
lowing collapse therapy have been pointed out. They comprise redue- 
tion in reserve air, decrease of the ventilation equivalent, thus improving 
the economy of respiration, and increased oxygen consumption by the 
contralateral lung through increased respiratory labor. Significant 
inerease of the respiratory rate occurred in only one patient who had a 
paralyzed diaphragm. Of a total of twenty-nine patients on whom 
spirographic studies were done before and following some form of treat- 
ment, a significant rise in respiratory rate occurred in only four: in the 
one presented here (thoracoplasty and permanent phrenicectomy), in 
one with pneumoperitoneum, one with thoracoplasty, and one with 
pneumothorax complicated by effusions. These observations are sug- 
gestive of the important role of the diaphragm in ventilation. 

In general, it can be said that collapse measures (1) may not neces- 
sitate contralateral compensation, because they may eliminate only 
functionally dead space and thereby improve function; (2) may call 
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forth compensation without added work for the contralateral lung, by 
improving oxygen consumption through a cardiovascular factor; (3) 
may cause increased respiratory labor for the contralateral lung in the 


- form of an increased minute volume, either through increased tidal 


air or respiratory rate. 


DISCUSSION ON ‘‘BRONCHOSPIROGRAPHY. 1. DESCRIPTION OF THE CATHETER 
AND THE TECHNIQUE OF INTUBATION, ’’ BY DR. WILLIAM A. ZAVOD ;* 
AND ‘‘BRONCHOSPIROGRAPHY. 2. APPLICATION TO COLLAPSE 
THERAPY: PRELIMINARY REPORT,’’ BY DRS. GEORGE 
LEINER, MAX PINNER, AND WILLIAM A. ZAVOD 


DR. SAMUEL O. FREEDLANDER, Cleveland.—The excellent presentations of 
Dr. Zavod and Dr. Pinner add further evidence for the value of bronchospirometry in 
the investigation of the pathologie physiology of collapse therapy. The introduction 
of the flexible catheter as designed by Gebauer and Zavod has greatly facilitated the 
procedure. It not only makes it easier on the patient, but it has been our impression 
that the summation of the results that are obtained from both lungs, at least as re- 
gards vital capacity, more nearly equals the results as obtained by ordinary spirom- 
etry. This was not true with the rigid catheter, because with that instrument the 
patients did not expire freely and there was a large amount of reserve air. 

As to the practical value, it has been gratifying to find that, in general, our clin- 
ical and x-ray estimate of the risk involved corresponded with the bronchospirometric 
determination of function in any given patient. There were occasional exceptions to 
this, particularly in bilateral collapse, when the patients have a low vital capacity. 
Here, the bronchospirometric determination may play a role in deciding the procedure, 
particularly if irrevocable collapse is contemplated. In cases where there is a 
thickened pleura or rigidity of the chest wall, we may clinically underrate the risk. 

All the work in our clinic has been done by Dr, Gebauer, and I deal with his con- 
clusions. We do not believe this procedure will ever come into routine use, nor do we 
see the necessity for its coming into routine use for the estimation of the risk in 
collapse procedure. However, it is a valuable instrument for investigation of the 
pathologic physiology of collapse, and in the occasional patient it may be of decisive 
value. 

(Slide.) To get a good tracing, Dr. Gebauer devised a double spirometer, which is 
manufactured by McKesson. The advantage is that the cylinder is long and narrow 
so the excursion is greater. The spirometer plunger is water-sealed and has a soda- 
lime trap for the absorption of carbon dioxide; the cylinders are counterbalanced, 
and they write on the same drum. There is an oxygen tank below and an aneroid 
manometer for inflating the balloons. This machine has two speeds, so that in pa- 
tients who have rapid respiration the speed may be doubled quickly. There is a 
three-way valve connected to each part of the bronchospirometer so that the patient 
oon bo turred on to the outside air immediately. 

I would like to show two tracings to illustrate some results. (Slide.) This is 
a patient who has bilateral collapse, that is, extrapleural on the right and intra- 
pleural on the right, the degree appearing equal. Bronchospirometric estimate of 
function is about the same. 

(Slide.) The next case illustrates somewhat the practical value of broncho- 
spirometry. This is a tracing of a white female 26 years old, with bilateral disease 
and cavitation of eighteen months’ duration. Pneumothorax and pneumonolysis were 


*See page 27 for article by Zavod. 
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induced on the left side, with good effect. On the right side, pneumothorax was 
ineffective and abandoned, and there are cavities in the apex. 

The question was, Can we perform a thoracoplasty on the right side? How much 
is the right lung contributing toward the total respiratory function of the patient? 
We can see from the slope of the curve that the oxygen consumption of the right lung © 
is somewhat greater than that of the left lung. In actual measurements, there were 
275 e.c., or 55 per cent, of the oxygen consumption coming from the right lung. It 
is the lung on which we wanted to induce irrevocable collapse. The tidal volume 
was 150 on the right and 225 on the left. 

In this patient with the low total vital capacity of 1,025 ¢.c. it was quite evident 
we could not induce irrevocable collapse on the right, as long as 55 per cent of the 
respiratory function was coming from that side. In order to risk a thoracoplasty on 
the right side, it would be necessary to abandon the pneumothorax on the left and 
determine the vital capacity then. 


DR. WARRINER WOODRUFF, Saranac Lake, N. Y.—I have been very much 
interested in these papers because we have been interested in this problem for some 
time. Last fall Dr. George Wright joined the staff of the Trudeau Foundation as 
physiologist, and that enabled us to proceed with similar work. We started in with 
dogs around the end of the year and only recently have gotten our equipment suffi- 
ciently assembled to justify work with patients. 

In the last few weeks, we have obtained successful results in five patients, and 
unsuccessful in one. By unsuccessful, I mean that we were unable to get into 
the left main bronchus because of marked distortion of the trachea to the right. 
We have been using a combination of Dr. Gebauer’s and Dr. Zavod’s techniques. 
We have been using Dr. Gebauer’s catheters, although we have modified the balloons; 
we have been using Dr. Zavod’s technique, or partially that, of passing the catheter 
with the patient in sitting position, by means of a laryngeal mirror. There are several 
minor modifications of technique which I shall not mention. 

I think there are two things of particular importance. One is that the patient 
be as nearly sputum-free as possible. Everyone who is doing this work has remarked 
on the fact that a small amount of sputum is sufficient to block either one of the 
cannulas and vitiate your readings. 

The next important thing is adequate anesthesia, far better than ordinarily needed 
for bronchoscopy. We are using large quantities of 5 per cent larocaine. We are 
making not only gas analyses, but blood gas analyses as well. We have had some 
very interesting observations, but we have not had sufficient chance to check or 
repeat them to present details at this time. 

I agree that this is not a procedure for routine use, but in many cases where 
there is question of the ability of the patient to withstand operation, I think it is of 
very definite interest. 

I was particularly interested in Dr. Freedlander’s second case. You will re- 
member that the right lung, on which he wanted to do thoracoplasty, was markedly 
involved by the x-ray findings, and yet by means of this tracing, he found that it 
was by far the better lung. 

We have recently tested for thoracoplasty a man with marked involvement and 
distortion of the left lung. We had expected impaired function, but we were 
astounded to find there was not enough function in it even to trip the valve. In 
other words, our tracing was a perfectly straight line. We even wondered if the 
catheter to that side were plugged. It was not, and we are sure that it was an 
accurate reading. In addition to that, the tracing revealed emphysema on the right 
side. Whether that was obstructive or functional, we do not know. The point re- 
mains that the man has no function in his left lung and is unable to demonstrate more 
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than a slight amount of residual air in his right lung. He presents a serious prob- 
lem, and whether we shall dare do a thoracoplasty, I do not know. 

It is much too early to know what bronchospirography is going to amount to. 
It is not a simple procedure; it requires a lot of time, particularly on the part of the 
physiologist, the man who is making the determination. But, as I said before, as far 
as we have gone, we have been very much interested in our findings. 


DR. I. A. BIGGER, Richmond.—I have been very much interested in this par- 
ticular subject for a good many years. As far back as 1929, I had a double-barreled 
bronchosecope made, with the idea of carrying out some experimental work with it. 
However, at about the time things were in shape to do such work, I changed my 
residence, and my time became so involved otherwise that I have never had the oppor- 
tunity to follow it through. 

I really came up here to ask a question which may show my profound ignorance of 
the whole subject. Since there must be a good deal of narrowing of the airways by 
these catheters, might not the use of helium and oxygen increase the accuracy of the 
spirometric readings? 


DR. W. L. ROGERS, San Franciseo.—I have enjoyed the presentation and the 
remarks of the previous discussors very much, 


I would like to present to you very briefly a simple procedure which we have been 
employing for a few years. I will justify its existence to you, because in California, 
as you may or may not know, the trend in recent years has been for the various 
county sanatoria to do their surgical collapse therapy in their own institutions. As a 
result, having some fifty-two or fifty-four counties, we have many small sanatoria 
throughout our state. The laboratory facilities, up to the present time, naturally 
would not permit for such study as was presented to us and which is certainly in- 


dicated in a small group of these prospective operative patients. 

To overcome this, we have bronchoscoped this group. Before doing so, however, 
we have taken the vital capacity of the patient after he was anesthetized prior to 
bronchoseopy, and we have taken the pulse and observed the respiratory rate over 
a period of fifteen minutes; then the patient is bronchoscoped. By means of a small 
ureteral catheter, to which a fine-mesh rubber sponge has been attached tightly with 
black silk, the main bronchus on the affected side has been completely plugged. 
The bronchoscope is then withdrawn and the same determinations are again made, 
but, in addition, the degree of change in cyanosis is noted. The respiratory rate is 
observed again over a period of fifteen minutes, together with the pulse rate and the 
vital capacity of the so-called unaffected side. ; 

This may seem rather inadequate to you, but in a practical sense it has been of 
great value to us in determining in a simple way whether or not we could go ahead 
surgically in a small group. Fortunately, so far, in those in whom we have made 
the study and also in whom we have proceeded surgically, we have had no bad re- 
sults due to ventilatory or respiratory difficulty postoperatively. 


DR. ZAVOD.—I would like to add that in the technique to eliminate the possi- 
bility of plugging the channel with sputum, we give the patient from 459 to 4, grain 
of atropine hypodermically one-half hour before the procedure. Also, suction can 
be applied to the tracheal and bronchial outlets, and thus any plug that is lodged in 
the channels can be removed. In our experience, before we used atropine, we did 
have plugging. The plugs were largely mucus, not sputum. Since we have been 
using atropine, we have not had to discontinue a test on account of that complication. 


DR. PINNER.—I wish to thank all the discussors, particularly Dr. Freedlander, 
for the additional information that we have received on this subject. 
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We have made extensive tables to determine the summation of left and right lung 
and to compare that with the results from spirography without intubation. Not 
only in vital capacities, but also in the important functions of oxygen consumption 
and minute volume, we find fairly close correlation, much closer correlation than 
reported by Jacobaeus, using the bronchosecope. However, if one really wants to 
make the correlation, one should try to correlate conditions as nearly similar as pos- 
sible. For this reason, we add to our usual spirometric test in these patients a test in 
which we introduce a stenosis between patient and spirometer, which is of the same 
magnitude as the stenosis produced by the introduction of the bronchial catheter. 
We then compare the findings between the stenosis reading, which, after all, does 
change ventilatory magnitudes to a considerable degree; the correlation between 
left plus right and the total with stenosis is quite close. 

I may say that at the present time we are doing bronchospirographic determina- 
tions routinely before every irreversible collapse procedure. The freedom from any 
ill effects I believe justifies the procedure. How often it is really necessary, I do 
not know. However, as long as we or other people are occasionally surprised by a 
bronchospirographie finding as compared with the clinical or pathologie expectation, 
I believe we are justified in doing it on all patients undergoing irreversible collapse 
measures. Particularly in some patients, as Dr. Freedlander pointed out, emphysema 
and pleural synthesis may decrease considerably the respiratory function. Such con- 
ditions are not always easily and definitely diagnosed clinically, but may be found 
easily by these functional methods. 

I think we are probably correct in suggesting that it is better to do nothing at 
all than to determine vital capacities and nothing else. Vital capacities are entirely 
misleading in both directions. Dr. Freedlander has shown an example of it. Some 
of the charts that I have shown showed the same evidence. If we have a patient 
with a low vital capacity, around 1,200 for example, in whom thoracoplasty is con- 
sidered, and if we find that the function between the two lungs is fairly evenly 
divided, probably we are inclined not to go ahead. If, however, we find, as we 
have in some cases, that the lung to be operated upon contributes only about 10 per 
cent to the total function of the two lungs, then we feel considerably safer in going 
ahead. 

I want to say, of course, that I selected a few data here which do not comprise 
the entire examination; every examination includes spirometric tests in particular 
and, if indicated, certain chemical tests. All of our bronchospirographie tests were 
done with oxygen; we have not tried helium. 

I was interested in the method that Dr. Rogers mentioned. It seems to me that 
one introduces a number of undetermined factors by plugging a bronchus even for 
a short period of time. I do not know how closely it will allow one to calculate or 
estimate the function of the other lung, because as soon as a bronchus is plugged, 
considerable acute compensatory mechanisms take place in the other lung, and it is 
quite possible that, by this compensatory mechanism, one may get an exaggerated 
opinion of the function of the contralateral lung; but that should be studied further. 


HEART PAIN 


Prerer Hetnsecker, M.D. 
Sr. Louis, Mo. 


INTRODUCTION 


URING the past few years there has occurred a definite clarifica- 
tion of our knowledge of the manner of development of heart pain 
and of the nervous pathways concerned in the transfer of pain stimuli 
from the heart to the central nervous system. There has been a co- 
incident increase of surgical interest in the diseases of the heart and 
of the pericardium. This has led to the successful development of 
several surgical procedures for the treatment of heart disorders. At 
present, particular interest centers about those measures designed to 
bring relief to persons suffering from angina pectoris, that signal of 
myocardial ischemia. The time seems opportune, therefore, to analyze 
the physiology of pain in general, and in particular of heart pain, and 
to present a critique of the surgical procedures now advocated for its 
treatment. Lack of time and space necessitates that often the opinions 
expressed represent the author’s acceptance of one or more apparently 
conflicting theories, without extended discussion of these. 


PAIN ENDINGS AND THEIR ADEQUATE STIMULUS 


“i Certain fundamental modalities of sensation appear to be associated 
with specific nerve endings—the end bulbs of the Krause type with 
cold, the Ruffini end organs with warmth, certain nonencapsulated 
end bulbs with touch (Bazett and co-workers, 1932). No such spe- 
cialized receptor for skin pain has been demonstrated. It is probable 
that the nerve endings subserving pain lack gross anatomic specializa- 
tion. Their undifferentiated strueture may be associated with their 
promiscuous susceptibility to stimulation, responding as they do to any 
sort of stimulus. The threshold for certain of these skin endings is 
lower for specific forms of stimulation than it is for others. Tactile 
nerve endings are mechanically stimulated at a lower threshold than 

e ‘‘pain”’ endings, but electrically the latter have a lower threshold 
than have the former. That is, pain endings have a relatively lower 
threshold for electrical than for mechanical energy. This may be 
correlated with the nonencapsulated character of the endings and 
suggests that electrical stimulation of pain endings is essentially nerve 
fiber stimulation. In the deeper tissues pain receptors are stimulated 
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only by special forms of stimulation. Heat, for instance, does not 
stimulate them. The adequate stimulus for these is either mechanical, 
i.e., tissue tension, or chemical. 

Various sensory end organs respond repetitively even to a single 
stimulus (Adrian, 1928). This applies especially to the nerve fiber 
endings whose activation results in a sensation of pain. The nature of 
the nerve fiber response varies with the intensity and duration of 
stimulus. With intense stimuli, the frequency of the impulses re- 
sulting from the activity of an end organ is increased and the duration 
of their discharge is lengthened. This is in harmony with the observa- 
tion that the intensity of a sensation depends upon the number of im- 
pulses reaching the central nervous system, and also upon their fre- 
quency. That sense organs or free nerve endings should induce 
repetitive nerve fiber response, on repetitive or continued stimulation, 
is not in itself remarkable. We know that even the nerve fiber, a type 
of nervous tissue studied more than any other, responds repetitively 
to a constant current and may so respond to an induction shoek (Hein- 
becker, 1928). This does not mean that the nerve is ineapable of a 
single response. It suggests that the nerve ending responds repeti- 
tively merely because stimulated constantly by the sense organ during 
a period of time. The site of the mechanism underlying the repetitive 
response is in the nerve ending. 

Nerve endings of the sensory type are diffusely distributed in all the 
heart layers and in the outer layers of the aortic wall. Some of these 
endings have been proved experimentally to be pain receptors by 
Sutton and Lueth (1930), by White, Garrey, and Atkins (1933), and by 
Katz (1934). Clinical pathologie studies have shown a high degree of 
correlation between heart pain and heart lesions. That disease of the 
aorta likewise can be associated with pain rests on adequate clinical 
and pathologie correlation (White, 1935). 

The adequate stimulus for the sensory endings in the myocardium 
presumably is similar to that for such endings in other viscera, i.e., 
tissue tension or chemical. There is no satisfactory evidence to sup- 
port any hypothesis in which direct spasm of heart muscle or of 
normal blood vessels is considered the mechanism of their excitation 
' (Wiggers, 1936). It is more probable that a diffuse sudden stretching 
of tissues of the heart would result in pain. Such a circumstance could 
arise during extreme effort. Tennant and Wiggers (1935) have shown 
that ligation of a coronary branch is followed by stretching of the 
musculature it supplies. This observation has been corroborated in 
our laboratory by Barton and the author in studying the effect of the 
ligation of branches of the coronary arteries of the dog heart. All 
recent experimental evidence favors the view that metabolites, which 
are chemical irritants present in the tissue spaces during contraction 
of the heart musculature under conditions of reduced blood flow, are 
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what stimulate pain endings in the heart in disease. Moore, Moore, 
and Singleton (1934) have shown that very dilute acids or isotonic 
potassium chloride solutions stimulate pain endings in the heart of a 
decerebrate cat. The hydrogen ion concentrations which they found 
effective can be attained in functioning heart tissue with a deficient 
blood supply (Dawson and Bodansky, 1931). Clinical and experi- 
mental observations can be cited to support this theory of pain receptor 
stimulation. Thus, attacks of heart pain oceur at high altitudes and in 
patients with coronary artery disease breathing low oxygen mixtures. 
Supportive evidence is found in the experimental work of Lewis, 
Pickering, and Rothschild (1931) and others in which it was shown 
that pain develops during the contraction of muscles of the extremities 
under ischemic conditions. They believe that under such conditions 
an irritating substance is produced by the muscle fibers, is released 
into the tissue spaces, and when it reaches the necessary concentra- 
tion, stimulates pain receptors. Perlow, Markle, and Katz (1934) con- 
sider that the resting muscle produced a similar substance, but at a 
much slower rate. Kissin (1934) noted that the accumulation of the 
substance was greater under conditions of asphyxia. The amount of 
substance released is proportional to the strength of the muscle con- 
traction. In direct observations in our laboratory on the effect of 
anoxemia (inhalation of pure nitrogen) on the peripheral receptors 
of the lung, depression only has resulted. On this evidence it is be- 

lieved unlikely that anoxemia alone would stimulate pain receptors. 
That ischemia of the heart musculature is a consequence of occlusive 
a arterial disease as found in arteriosclerosis, syphilis, periarteritis 
4 nodosa, ete., is aecepted by all. Controversy still exists about the 
possibility of normal coronary arterioles narrowing to a degree suffi- 
cient to produce definite ischemia of the heart musculature as a result 
of humoral or nervous influences. It is the author’s opinion that such 
an assumption is not supported adequately by available experimental 
evidence. However, the possibility exists that in certain persons the 
musculature of the coronary vessels is so constituted that it responds 
hyperdynamieally to nervous and humoral influences, just as it has 
been shown to do in human beings with spastic arterial disease of the 
extremities (Heinbecker and Bishop, 1938). Such excessive functional 
narrowing brings about ischemia in the extremities. It seems reason- 
able to assume that it could also do so in the myocardium. In the ex- 
tremities, functional arterial narrowing, if severe, ultimately leads to 
actual occlusive narrowing. It is believed that a similar result would 
follow in the heart. 


THE SPECIFICITY OF PAIN FIBERS 


Continued studies of nerve potentials have established the fact that the 
complete electroneurogram is usually composed of two large groups of 
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waves, the faster of these derived from myelinated somatic fibers, the 
slower from myelinated and nonmyelinated autonomic fibers. For- 
tunately for the investigator these fiber groups have different thresholds 
so that, by gradually increasing the strength of stimulus applied to a 
nerve trunk still functionally attached in the body, either peripherally 
or centrally, and simultaneously observing its conducted action potential, 
it is possible to correlate body function with a specific elevation in the 
nerve’s potential complex and thereby also, with a specifie fiber group, 
inasmuch as it is possible, to determine the fibers responsible for the 
potential waves. Since the slower conducting potential complexes have 
higher thresholds than the faster conducting ones, it is possible to isolate, 
without further differential procedures, the activity of only those fibers 
responsible for the fastest potential complex. The difference in the 
threshold of the different fiber groups, however, is appreciable, and, fortu- 
nately, the groups are associated with specific changes in body function, 
which are easily recognizable. It is possible to study the effect of somatic 
fibers without the complication of the effect of autonomic fibers because 
of this difference in threshold and because of touch fibers without pain. 
The technique has obvious limitations which, however, can be reduced 
by available methods. 

The process of identifying the pain fibers has been carried out in man 
and in animals. The results of most of these procedures have been re- 
ported in detail (Heinbecker, Bishop, and O’Leary, 1933). Here only 
the final conclusions will be briefly given. Pain results from the stimu- 
lation of myelinated fibers approximately 6 to 3 » in diameter possessing 
properties characteristic of somatie myelinated fibers in general, i.e., 
they have a short refractory period and a short chronaxie. They have a 
lower threshold and a faster conduction rate than do fibers of a similar 
morphologie type and size belonging to the autonomic nervous system. 
They conduct impulses at a rate of 30 to 15 or less meters per second. 
Near threshold the stimulation of such a fiber group results in a prick- 
ing touch sensation not actually painful but distinet from the tactile 
sensation experienced on the stimulation of larger myelinated fibers in 
such a nerve. Pain also results from the stimulation of the unmyelinated 
fiber group (Gasser, 1934) (Heinbecker and Bishop, 1934). The trans- 
mission of pain impulses in relatively slow fibers permits the diserimina- 
tory functions effected through impulses in fast touch and pressure fibers 
to be effected before the cortex is disturbed by pain. 


PHYSIOLOGY OF PAIN 


Central Mechanism.—Pain is experienced when a number of impulses 
traveling in nerve fibers of specifie types reach the central nervous 
system (Heinbecker and Bishop, 1934). The intensity of pain experi- 
ence is determined by the summated number of such impulses, the more 
impulses reaching the central nervous system within a unit of time, the 
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more intense the pain. It is relatively immaterial whether the increase 
in the number of impulses is a consequence of an increase in the fre- 
queney of impulses carried by identical axons or of an increase in the 
number of axons activated. The quality of pain experienced is de- 
termined by the arrival pattern of the pain stimuli and by the admixture 
of other sensations simultaneously experienced. Thus, skin pain usually 
has a sharp sticking or burning quality indicative of the admixture of 
pricking touch or warmth sensations with ‘‘pure’’ pain. Deep pain 
arising in tissues beneath the skin frequently has an admixture of pres- 
sure sense. It has previously been shown by Heinbecker, Bishop, and 
O’Leary (1933, loe. cit.) that pressure sense arises only in the deeper 
tissues. Pain experience is also modified by the general state of 
activity in the central nervous system. This is determined by many 
factors, both physieal and psychologic. Among them ean be general 
anoxemia, as in heart failure, which depresses the responsiveness of 
sensorium to ‘‘pain’’ stimuli, whereas epinephrine released during 
excitement enhances it (Heinbecker, unpublished data). 

Skin pain stimuli have been shown to reach the sensorimotor cortex 
in loealized areas corresponding to particular portions of the body 
from which they come. Ilere they give rise to a localized immediate 
response which consists of a series of waves (ITeinbecker and Bartley, 
1940). The waves are considered to represent summed potentials 
associated with activity in the terminations of the sensory afferent 
fibers and in at least the first cortical interneurons. Specific waves 
have been shown to follow the activation of the alpha, delta, and C 
fiber groups of the saphenous nerve. The alpha fibers convey impulses 
which give rise to discriminative touch sensibility ; the delta waves, to 
pain and temperature sensibility; and the C waves, to pain and tem- 
perature sensibility. In addition to the immediate response, there is 
excitation of the general cortical activity as shown by disturbance of 
the alpha and the beta rhythms. This disturbance is especially marked 
on strong stimulation, and it would seem reasonable to infer that it 
affords an explanation why the accuracy of any type of sensory local- 
ization may be interfered with when pain experience is severe. 

Experimental evidence has also been secured (unpublished data by 
author) that on stimulation of the splanchnic nerve of the cat there 
develops an immediate cortical response consisting of a series of waves 
corresponding to afferent fiber groups in this nerve which ean be re- 
corded from the trunk area of the brain. The evidence that visceral 
sense fibers have a direct pathway to the sensorimotor cortex affords a 
basis for an hypothesis concerning the mechanism of referred pain and 
of skin hyperesthesia. 

The assumption is made that sensory fibers from identical somatic 
and visceral body levels in their path up the spinal cord to the cortex 
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will excite common interneuron pools at synaptic stations in the cord, 
thalamus, and cortex. In this way, all pain impulses from the same 
body level would be referred to a common source. In actual experience 
this is more often the somatic than the visceral region. It is consistent 
with our own impression and that of Lewis and Kellgren (1939) that 
there is no special form of pain, visceral, somatic, or referred. The 
poorer localization of visceral pain as contrasted with somatie pain 
probably results from the circumstance that there are fewer fibers per 
unit area coming from visceral sources than from the skin. 

The skin area to which visceral pain is referred often exhibits hyper- 
esthesia, i.e., a lower threshold for the excitation of pain endings. 
This ean readily be explained physiologically as a result of a lowering 
of the threshold of the common interneurons because of their being 
acted upon by the visceral afferent impulses. It has been shown that 
nerve impulses arriving at a neuron ean lower its threshold for subse- 
quent impulses even if they themselves do not actually produce a re- 
sponse of the neuron. There is also a period of increased responsive- 
ness to other stimuli following a first response. There are thus avail- 
able established physiologic mechanisms whereby pain impulses from 
the viscera (when aided by a few additional impulses from somatic 
sources) acting upon interneurons common to themselves and to skin 
pain afferents can produce pain experience they themselves are unable 
to cause alone. The visceral impulses lower the threshold of common 
pain interneurons to stimuli from somatic sources. It follows that the 
elimination of such stimuli from the skin by local anesthesia might 
keep the common central pain neurons from responding to stimuli from 
viscera inadequate to stimulate by themselves. Two other additional 
factors may be concerned in skin hyperesthesia. There is evidence that 
afferent impulses from viscera may reflexly produce metabolie or 
visceral changes in the skin of a type which may stimulate pain endings 
or lower the threshold for such pain receptors (Davis and Pollock, 
1932). That this is not essential for the experience of referred pain 
has recently been shown by Hinsey and Phillips (1940), who found that 
referred pain from the phrenic nerve could be experienced with all 
efferent sympathetic pathways eliminated and with the skin area of 
reference fully anesthetized. There is also the possibility that reflex 
discharges from the spinal cord over the dorsal root fibers (Toennies, 
1938) may be physiologic. Such discharges would afford another 
nervous mechanism whereby metabolic or visceral changes in the skin 
could be brought to lower the threshold of pain receptors. Foerster 
(1933) and others have shown that the stimulation of dorsal root fibers 
retrogradely results in a period of vasodilatation whose time charac- 
teristics are such as to favor the interpretation that the mechanism in- 
volved is one involving the release of a vasodilator substance at nerve 
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terminals and then acting on the blood vessels to produce dilation. In 
our laboratory IHeinbecker and Bishop showed that in eats stimula- 
tion of the peripheral end of the vagus nerve in the neck, after it was 
cut above the nodose ganglion and sufficient time allowed for degenera- 
tion, resulted in excitation and inhibition of the gut and in body reflex 
responses indistinguishable from those associated with pain. The gut 
contractions themselves could not be held responsible for the latter be- 
cause the general responses could be obtained at a time when there was 
no response apparent in the gut itself or when it was actually being 
inhibited. It would seem reasonable to assume that efferent impulses 
in fibers with cells of origin in the nodose ganglion caused the release 
of a substance capable of stimulating pain receptors. Fibers of this 
type go to the heart as well as to the intestine, and they might be ex- 
pected to produce similar effects there also. Pain from the heart would 
result when pain receptors of fibers running in sympathetic trunks 
were stimulated. Such impulses, on reaching the central nervous 
system, would result in pain experience and in protective reflexes. The 
nature of this pain receptor stimulating substance is not known. 
Sinee it is produced by vagus nerve terminals, acetylcholine at once 
comes to mind. Interestingly enough, evidence of the harmful effects 
of acetylcholine on the heart has been shown in an experimental study 
by Hall (1939). Still lacking, however, is actual proof that such 
efferent impulses occur physiologically. 


NERVE FIBER PATHWAYS 


The pathways of pain fibers in the central nervous system are well 
known. The dorsal root fibers enter the posterior gray columns where 
they synapse with neurons of the second order. These give rise to 
axons which promptly cross and ascend in the lateral spinothalamic tract 
to end in the posterior part of the ventral division of the lateral thalamic 
nucleus. In addition to this, there also exists a chain of short neurons 
with frequent interruption in the gray matter of the spinal cord which 
serves as an accessory path to the same end stations. Neurons of the 
third order are located in the lateral thalamic nucleus, and their fibers 
convey the pain impulses to the somatesthetic area of the cerebral cortex 
in the posterior central gyrus by way of the thalamic radiation and the 
posterior limb of the internal capsule. 

The course of afferent fibers from the heart to the spinal cord via the 
dorsal roots is now well established (Heinbecker, 1933). Fibers from 
the heart reach the upper five or six left and right thoracic sympathetic 
ganglia and pass from there over rami communicantes to the upper five 
or six spinal ganglia. In addition, afferent fibers pass from the superior, 
middle, and inferior cardiac nerves to the superior, middle, and inferior 
cervical sympathetic ganglia. From here they pass over rami com- 
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municantes to the cervical dorsal root ganglia. Davis and Pollock (1932, 
loc. cit.) believe that sensory fibers from the superior cervical sym- 
pathetic ganglion pass to the fifth nerve. Clinical records of pain refer- 
ence to the jaw, face, and the various neck levels afford additional evi- 
dence that such varied pathways for pain fibers from the heart must exist 
if the implications of the widely accepted interpretation of Head’s zones 
of skin pain reference from visceral organs is correct. 

For our particular purpose it is of importance to stress the fact that 
the majority of pain fibers from the heart pass through the inferior 
cervical sympathetic ganglion and the upper two or three thoracic sym- 
pathetic ganglia. The afferent fibers in the cervical sympathetic trunk, 
in the cardiac nerves, and in the rami communicantes of the cervical re- 
gion are few in number. All clinical evidence indicates that, in general, 
fibers from the left heart enter the cord on the left side, and fibers from 
the right, on the right side. 


Afferent fibers from the heart also enter the central nervous system 
over vagus nerve pathways. The results of experimental investigations 
in animals and a stimulation of vagus nerve in human beings lead to the 
conelusion that few if any pain fibers are found in the vagus nerves. 
The activation of vagus afferent fibers results in a sensation of nausea. 
Many fibers which give rise to vasomotor reflexes are found in the vagus 
and depressor nerves (Bishop, Heinbecker, and O’Leary, 1934). 


TREATMENT OF HEART PAIN 


With such conceptions of the mechanism of heart pain and our knowl- 
edge of the peripheral pain fiber pathways from the heart to the central 
nervous system, a rational approach to the problem of treatment is pos- 
sible. The simplest way to eliminate or lessen heart pain is to lessen the 
demands on the heart musculature, thereby lessening the blood flow re- 
quirements. This can be accomplished by limiting physical activity and 
by the use of drugs lowering body metabolism. Such measures are ade- 
quate for a majority of the milder cases of heart pain and in the earlier 
stages of the more severe ones. 

In recent years attempts have been made to lessen the demands on the 
heart by the surgical procedure of total thyroidectomy (Blumgart, Rise- 
man, Davis, and Berlin, 1933). Good results have been claimed by 
these and other investigators. Personal experience with patients so 
treated has led me to believe that even in cases where some relief from 
heart pain has resulted there are present disagreeable symptoms from 
myxedema, so that the final advantage of the procedure is questionable. 
Recently, Kountz and Hemplemann (personal communication) have re- 
ported that, after total thyroidectomy in four young persons with hyper- 
tension, fatal rupture of the aorta has resulted in three out of the four 
within two years. This indicates beyond any doubt that arterial de- 
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generation is hastened by total thyroidectomy. One hesitates, therefore, 
to recommend such a procedure for the relief of heart pain, which is 
nearly always caused by ischemia brought about by arterial degenera- 
tion. 

When the relief from pain is not rendered complete by limitation of 
bodily activity, further measures can be instituted. One most fre- 
quently and suecessfully used is the administration of drugs such as the 
nitrites which result in a dilation of the coronary vessels and in this way 
inerease the blood supply to the heart. Unfortunately, no drugs pro- 
ducing long-lasting dilation are yet available. Still another drug, 
morphine, is used extensively to diminish pain perception and to depress 
the metabolic demands of the body. 

In from 10 to 20 per cent of the cases, the heart pain becomes dis- 
abling. It is then that the surgeon has been permitted to interrupt pain 
fiber pathways. One method successfully used has been that of para- 
vertebral aleohol injection (White, 1935, loe. cit.). The mortality fol- 
lowing the use of this procedure has been negligible, and the clinical 
results have been excellent. It has one disadvantage in that, following 
its use, aleoholic neuritis may be troublesome for some months in a 
significant percentage of the cases treated. In our own experience, this 
has had a somewhat higher incidence than reported by White. It is 
probable that, with increasing experience with the method, one can make 
adequate injections with minimal effect on the intercostal nerves and 
surrounding structures. 

The fiber pathways may be interrupted by operative measures. The 
available time does not warrant an analysis of the historical develop- 
ments of this procedure. The early attempts were misdirected because 
it was believed that the pain fibers ascended principally in the sym- 
pathetie cardiac nerves. The favorable results obtained by excision of 
the cervical sympathetic trunk in whole or in part testify to the tremen- 
dous psychie influence exercised over patients by their surgeon. It is 
now known that effective surgical interruption of the pain fiber path- 
ways to the heart must be brought about by removal of the inferior 
cervical sympathetic ganglion, the first, second and third thoracie 
ganglia. The operative approach has been from behind (Smithwich, 
1936), or in front (Gask, 1933). Usually the section need be done only 
on the left side, but occasionally it is necessary to follow with a similar 
procedure on the right. In the author’s experience the anterior approach 
is a simple operation. Increasing familiarity with it permits the state- 
ment that it ean be carried out under local or gas anesthesia, with little 
or no operative mortality even in quite ill patients. The end results are 
gratifying. Raney (1939) has advocated on unacceptable physio- 
logie assumptions the interruption of efferent sympathetic fibers to the 
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heart for the relief of pain. Fortunately, the operation he advocates 
interrupts a sufficient number of afferent pathways to account for his 
favorable results. 

Knowing that in five years nearly 80 per cent of persons with severe 
angina pectoris will have died, a few investigators have attempted an- 
other approach to our problem. Their hope has been to cure, not simply 
relieve, the patient by increasing the blood supply of the heart through 
the development of a source of collateral circulation from without. The 
natural progress of occlusive disease of the coronaries does not prevent 
the utilization of the vascular bed of the myocardium for a union with 
external vessels. The first narrowing is usually confined to the larger 
branches, and the degree of occlusion tends to lessen from above down 
(Karsner, 1933). Collateral circulation can be most effective when the 
small arteries and arterioles only are involved. Of importance, too, is 
the fact that the smaller arteries, precapillaries, and capillaries of the 
myocardium and of the telae arteriae adiposae on the surface of the heart 
increase with age when the incidence of coronary artery disease is also 
up (Gross, 1921). If the occlusion of the larger arterioles takes place 
slowly, these two changes may be sufficient in themselves to prevent 
appreciable cardiae ischemia or infarction, but in many persons sueh 
reparative processes are inadequate to prevent fatal myocardial ischemia. 
The artery most frequently involved in younger persons (80 per cent or 
more) is the ramus descendens of the left coronary artery and the in- 
fareted area corresponding to the anterior wall of the left ventricle, and 
this is favorable because this is the region most accessible to surgery. 

The surgical efforts to revascularize the myocardium have been of 
several types. Beck (1935) advocated the use of a graft from the 
pectoral muscles. This was sutured to the myocardium after the removal 
of a portion of the parietal pericardium and a roughening of the visceral 
pericardium. O’Shaugnessy (1936) used a pedicled omental graft 
brought up into the chest through the diaphragm, using the thoracie ap- 
proach to secure the omentum. Lezius (1937) grafted the surface of the 
lung to the myocardium in dogs by suture, and in addition, he used a 
30 per cent solution of flavine to stimulate the formation of adhesions. 
Heinbecker and Barton (1940) produced in dogs a sterile, adhesive, but 
noneonstrictive, type of pericarditis to serve as the source of collateral 
blood supply. 

All of these methods in animals have resulted in tne formation of 
adhesions between the graft and the myocardium which contained blood 
vessels sufficient in size and number to serve possibly as a source of 
collateral circulation to the heart. In human beings the operations of 
Beck (1937) and of O’Shaugnessy (1937) have yielded encouraging 
clinical results, but the amowit of autopsy material available to give 
definite evidence as to the state of the graft and the amount of effective 
collateral circulation is still meager. 
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At the present time it is felt that the above procedures are all in an 
experimental stage. The results reported are sufficiently encouraging 
to warrant their further pursuit by qualified persons. 


SUMMARY 


A general résumé of our knowledge of the mechanism of painful sensa- 
tion is presented. 

Present evidence supports the hypothesis that heart pain is experi- 
enced when an adequate number of pain fiber endings in the heart are 
stimulated by a chemical irritant formed during muscular contraction. 
A state of tissue asphyxia is considered necessary for the concentration 
of this substance to be adequate to stimulate such receptors. 

Experimental evidence is presented which suggests that the release 
of a substance at the endings of vagus fibers with their cells of origin in 
the nodose ganglion may also stimulate pain fiber endings in the heart. 

The assumption that normal coronary arteries can narrow sufficiently 
from nervous influences to produce the degree of asphyxia required to 
produce an adequate amount of chemical irritant to stimulate pain 
receptors is not warranted. The possibility exists that such a degree 
of asphyxia might oceur in certain human beings, provided their 
coronary arteries responded hyperdynamically to normal nervous and 
humoral influences just as do vessels of the extremities in persons ex- 
hibiting spastie vascular disease. An increase of heart muscle contrac- 
tion per se probably could not interfere with coronary circulation suffi- 
ciently to produce myocardial ischemia. 

Relief from heart pain may be obtained by lessening the work of the 
heart to a point where the available blood supply does not permit the ac- 
cumulation of sufficient chemical irritant to stimulate pain fiber endings. 
Relief may also be afforded by artificially increasing the blood supply 
to the heart by drugs causing vasodilation. Such means are ineffective 
when actual, marked occlusive disease of the coronary vessels is present. 
Vasodilator drugs with long-lasting action are as yet unknown. 

If such measures fail, relief may be afforded surgically by the inter- 
ruption of afferent fiber pathways by alcohol injections or by sectioning. 

Attempts to eliminate heart pain by increasing the blood supply to 
the heart by the development of an effective collateral circulation from 
the pericardium or from tissue grafts are theoretically ideal, but they 
are in the experimental stage. Present clinical reports are sufficiently 
encouraging to justify the continuance of such measures by those espe- 
cially qualified. 
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DISCUSSION 


DR. CLAUDE 8S. BECK, CLeveELAND.—Dr. Heinbecker is well qualified to discuss 
this subject. He has made numerous original contributions on nerve impulses. 
On the basis of evidence presented, it appears that two factors are necessary for the 
production of cardiae pain. One is a chemical metabolite set loose in the tissue 
spaces during muscular contraction; the other is anoxemia in the heart muscle. 
Neither factor alone is able to produce anginal pain. Clinical evidence supports 
this idea. An increase in metabolites such as oceurs during great physical exertion, 
such as racing, does not produce heart pain if the coronary circulation is normal. 
Likewise, a reduction in oxygen content of heart muscle, such as occurs in myocardial 
failure, does not produce heart pain if the production of metabolites is at a low 
level. The two factors together produce pain. Augmentation of either factor in- 
creases the pain, and a reduction of either factor reduces the pain. The tissue 
metabolite can be increased or reduced by varying the amount of work done by the 
heart. Exercise and rest are established factors in the production and alleviation of 
anginal pain. The pain of coronary disease becomes less severe or disappears when 
the myocardium goes into failure. This reduces the tissue metabolite, but, as pointed 
out by Dr. Heinbecker, general anoxemia depresses the responsiveness of sensorium 
to pain stimuli. Likewise, a reduction in oxygen content of heart muscle produced 
by breathing low oxygen mixtures augments the pain of coronary artery disease. 

I should like to emphasize a point that we learned in our experimental work. We 
found that local anoxemia in the heart muscle was particularly devastating to the 
heart, while generalized anoxemia was well tolerated. We found that both coronary 
arteries could be occluded about one-third of their cross sections, with recovery 
and preservation of the heartbeat. These dogs tolerated this type of experiment and 
did not seem to have pain. The entire coronary circulation was reduced, and the re- 
duction was uniform. This corresponds to the condition in patients with a reduced 
coronary circulation, as from heart failure. Exercise does not seem to produce 
pain either in the dog or in the patient. The probable explanation for this is that, 
while the anoxemia is generalized, it is not sufticiently severe. Pain is readily 
produced by localized anoxemia, both in the patient and in the dog. If four or 
five distal branches of the coronary arteries are ligated so that one small portion of 
the myocardium becomes anoxemic, pain is produced, and this area of muscle becomes 
the trigger that sets off ventricular fibrillation. It seems to me that a consideration 
of the variation in the oxygen content of one part of the heart muscle as compared 
to that of another part must be brought into the picture. I should like to say that 
it is probably more than metabolite plus generalized anoxemia in the heart muscle; 
it is probably metabolite plus an irregular degree of anoxemia in the heart muscle, 
with sharp, localized depressions in the oxygen content. The opening of inter- 
coronary communications will tend to correct these sharp depressions, and this is the 
most probable explanation for the reduction in pain that gradually takes place in 
some patients with coronary artery disease. 
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Dr. Heinbecker discusses the procedures for the relief of angina pectoris in a satis- 
factory manner. The interruption of nerve pathways from the heart, either by opera- 
tion or by injection of alcohol, will abolish pain. This we can accept as fact. That 
the interruption of nerve pathways preserves the heartbeat and prolongs life is a 
different matter. Dr. Arnaldo Yodice, of Buenos Aires, recently has studied this 
subject in our surgical laboratory, and I shall refer to the results of his experiments. 
He did three types of experiments. Type 1 consisted of ligation of the descending 
ramus of the left coronary artery; type 2, removal of the thoracic sympathetic 
nervous system on each side, with ligation of artery as in type 1 carried out at the 
same operation; type 3, same as type 2, except that ligation of the artery was done 
from sixteen to twenty-five days after removal of the sympathetic nervous system. 
The mortality in groups 1 and 3 was identical, 80 per cent; the mortality in group 2 
was 50 per cent. We can conclude that there is some immediate protection to 
coronary ligation by sympathectomy, but this protection, in so far as mortality is 
concerned, is transient and disappears within from sixteen to twenty-five days. We 
can readily understand how total thyroidectomy is effective in reducing angina 
pectoris. My objection to this operation is that it produces myxedema. 

Revascularization of the heart is a sound approach for the treatment of angina 
pectoris. The collateral vessels must be large enough and numerous enough to 
transport a significant quantity of blood. We must be certain that these require- 
ments can be met by the operative method before it can be accepted as a therapeutic 
procedure. 


DR. RALPH B. BETTMAN, Cuicaco.—In all probability, if Dr. Heinbecker had 
had a little more time he might have mentioned another approach to help in the pain 
of angina pectoris, a description of which has appeared lately and to which attention 
was called in our cardiovascular group at the hospital about two months ago. I 
speak of the operation of Rainey, who, I understand, is a surgeon specializing in 
neurology on the West Coast. Rainey’s idea was that if it were possible to cut the 
fibers which produce the constriction of the coronary vessels there would be a dilata- 
tion of these vessels, and, as a result, no pain. In his last report, I believe, he 
reported eleven cases, in all of which operation was successful. He severed the 
preganglionic fibers of the second, third, and fourth rami, and then cut across the 
sympathetic chain; in this way he did not interfere with the pain fibers at all, but 
apparently interfered, or hoped to interfere, with the constriction fibers and also 
in that way avoid a Horner syndrome. The one patient upon whom I tried it had 
rather gratifying results immediately after operation, but now a month and one-half 
later, the symptoms seem to return. 

I hope Dr. Heinbecker can tell us whether or not these things which Rainey says 
are correct; that is, whether the constrictive fibers travel over these nerves. 


DR. DUANE CARR, MempuHis.—About two or three years ago, two of my 
associates, Dr. John D. Hughes and Dr. Charles Hullman of Memphis, received an 
unusual opportunity. A negro man entered the hospital late at night, with a stab 
wound in the left ventricle within 2 mm. of the descending ramus of the left coronary 
artery. As this incision was parallel to the artery, it was necessary to incorporate 
the coronary artery in the sutures which were used for closure. The postoperative 
observations were interesting. The electrocardiogram naturally revealed a typical 
picture of a coronary occlusion, but more interesting than that was the fact that this 
patient at no time had pain other than the pain of the actual incision of the chest 
wall. None of us had been able to account for that fact. 

I would be interested to hear if any of the men acquainted with the problem ean 
give us the reason for this phenomenon. 
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DR. HEINBECKER.—In Dr. Rainey’s absence, I hesitate to discuss his reports. 
I am unable to accept the basis upon which he advocates his operation. To my mind, 
there is not the slightest evidence that the sympathetic nerves carry constrictor fibers 
to the heart. The constrictor fibers that we know of are carried by the vagus nerve. 
Dr. Rainey accepts the idea that in disease the sympathetic fibers, instead of having 
their usual vasodilator action, have a vasoconstrictor action. I do not believe the 
evidence on which he bases his assumption is valid. I feel that any good effects 
which follow the operation he advocates do so because he cuts many afferent fibers. 
I feel, however, that he fails to cut some of the important pain fibers which enter 
the central nervous system over the first thoracic nerve and the most inferior 
cervical sympathetic ganglion. 
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EXPERIENCES IN THE SURGICAL TREATMENT OF SUB- 
ACUTE STREPTOCOCCUS VIRIDANS ENDARTERITIS 
COMPLICATING PATENT DUCTUS ARTERIOSUS 


ARTHUR S. W. Tourorr, M.D., AND (BY INVITATION) 
Harry VESELL, M.D. 
New York, N. Y. 


INTRODUCTION 


HE two most common serious complications of patent ductus arterio- 

sus are ecardiae insufficiency and subacute bacterial endarteritis. 
The former results from the eventual failure of the heart to compensate 
for the excessive burden placed upon it by the abnormal direction of the 
hemie flow; subacute bacterial endarteritis is the result of the lodgement 
and growth of organisms at the site of the congenital defect. 

Gross and Hubbard,’ since recording the first successful ligation of 
a patent ductus in February, 1939, have subjected nine additional na- 
tients to operation®; Jones, Dolley, and Bullock’ have reported upon 
thirteen. The results in these twenty-three cases, none of which were 
complicated by subacute bacterial endarteritis prior to operation, have 
demonstrated conclusively that operative treatment is effective in cor- 
recting the altered circulatory state. 

Up to the present, subacute bacterial endarteritis complicating patent 
ductus arteriosus has been treated by medical methods identical with 
those employed in a similar more common disease, namely, subacute 
bacterial endocarditis complicating chronie valvular disease. Although 
recent reports of the efficacy of chemotherapy appear encouraging, the 
results of treatment in general have not been satisfactory, and the two 
conditions still are regarded as almost invariably fatal. In the com- 
mon type of subacute bacterial endocarditis removal of the diseased 
eardiae valves, which are the sites of infected vegetations, is of course 
not feasible. In subacute bacterial endarteritis engrafted upon a patent 
ductus, however, surgical obliteration of the infected foeus is now a 
possibility. In this connection, it is of interest to note that the first 
attempt at ligation of a patent ductus arteriosus to be recorded in the 
literature (Graybiel, Strieder, and Boyer, in May, 1938°) was in a ease 
complicated by subacute bacterial endarteritis. At operation the pos- 
terior wall of the ductus was so intimately adherent to the right branch 
of the pulmonary artery as to render the separation of the two struc- 
tures hazardous. Accordingly, the ductus was not ligated but was 


plicated by a series of external sutures in an effort to obliterate its 
From the Medical ‘and Thoracic Surgical Services of Beth Israel Hospital, New 
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lumen. The patient suecumbed on the fourth postoperative day of 
acute gastric dilatation, and at post-mortem examination the ductus was 
found to have been incompletely occluded. Vegetations were found at 
the pulmonary orifice of the ductus and in the adjacent pulmonary 
artery. Since the report of the foregoing case, no other attempt at 
surgical treatment of subacute bacterial endarteritis complicating patent 
ductus has been recorded, except by the authors.’ The purpose of this 
communication is to relate our experiences in four cases operated upon 
to date, in an attempt to clarify those aspects of the subject which per- 
tain especially to operative treatment. 


INCIDENCE 


Subacute bacterial endarteritis complicating patent ductus arteriosus 
is not an uncommon condition. Thus Abbott found it, at post-mortem 
examination, to be the cause of death in 30 per cent of ninety-two cases 
of primary patent ductus. Although such infection occurs chiefly dur- 
ing late childhood and early adult life, it may occur at any age. In the 
latter connection, Hubbard, Emerson, and’Green," in a series of thirty- 
nine autopsied cases collected from the literature, found the youngest 
patient with infection to be 6 years of age and the oldest 51. (Recently 
one of us [A.S.W.T.] observed the complication in a child of 6 years 
and in a woman of 63. The latter patient [Case 3 of this communica- 
tion] appears to be the oldest person in whom infection complicating 


patent ductus has been recorded in the literature.) These cases and 
others in the present series tenc’ to confirm the view that, regardless of 
age, infection constitutes a perpetual threat to the life of the patient 
suffering from patent ductus arteriosus. 


PATHOLOGY AND PATHOGENESIS 


Assuming that a patent ductus is not present as a compensatory 
mechanism for some other coexisting congenital malformation, such as 
aortic stenosis, coarctation of the aorta, pulmonic stenosis, ete., the 
direction of the hemie flow is from the aorta into the pulmonary artery. 
The swirling of blood through the patent ductus and the impingement 
of the hemie current upon the wall of the pulmonary artery opposite 
the ductal opening eventually result in local thickening of the intima 
and the formation of atheromatous plaques at these two sites. Accord- 
ing to Buchwald* and Rokitansky,'’ plaques are most likely to be found 
at or near the ductal orifice. Furthermore, it has been demonstrated 
by Grant, Wood, and Jones’ that platelet thrombi tend to lodge upon 
such atheromatous areas. These thrombi, when infected subsequently 
by organisms circulating in the blood stream, result in the vegetations 
which constitute the essential lesions of subacute bacterial endarteritis. 

The foregoing facts appear to explain satisfactorily the age inci- 
dence of subacute bacterial endarteritis superimposed upon patent due- 
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tus arteriosus. Thus, in very young children it may be assumed that 
ductal sclerosis is absent or minimal, and that even if bacteriemia occurs 
the organisms have little or no soil upon which to gain a foothold. With 
the passage of time, as the factors responsible for the formation of 
atheromatous plaques continue to be operative, infection is likely to 
occur more readily. This explains the high incidence of infection during 
late childhood and early adult life. The decline in the incidence of in- 
fection subsequently seems best explained by the fact that the vast 
majority of patients suffering from patent ductus succumb before middle 
age. Thus the number who survive this period and remain susceptible to 
infection during old age is comparatively small. In six patients observed 
recently (two unoperated), the ages were as follows: 6, 24, 29, 29, 31, 
and 63 years, respectively. 

Abbott? states that ‘‘the pulmonary end of the ductus with the im- 
mediately adjacent tissues, is always the initial seat of the vegetative in- 
flammatory lesion’’ and that ‘‘the pulmonary artery is practically al- 
ways dilated.’? Another abnormality which Abbott noted not infre- 
quently was aneurysm of the ductus. The latter may be of two types. 
The first is simple aneurysm which results from thinning of the ductal 
wall as the result of internal pressure. This may occur in eases of 
patent ductus, even without infection. The second type is the mycotic 
aneurysm which results from destructive inflammatory disease of the 
ductal wall associated with subacute bacterial endarteritis. 

Although the inflammatory process of subacute bacterial endarteritis 
begins in the intima, it subsequently spreads to involve the entire thick- 
ness of the ductal wall and often extends outside the latter to produce 
periarteritis. Thus, in a ease of pneumococcie ductal infection, Hamil- 
ton and Abbott'! described extensive, destructive inflammatory changes 
involving all coats of the ductus and portions of the pulmonary artery. 
Polymorphonuclear and mononuclear infiltrations were present and 
there was such extensive destruction of the elastie tissue that the latter 
was shredded and lay in the midst of exudate and cellular debris. An 
acute, severe perivascular inflammation was found in the cellular tissues 
between the ductus, aorta, and pulmonary artery. Schlaepfer,'® in his 
deseription of a case of subacute Streptococcus viridans endarteritis 
superimposed upon patent ductus arteriosus, reported similar findings. 
In his ease, all layers of the ductal wall at the pulmonary orifice of the 
ductus were markedly infiltrated. The perivascular tissues adjacent 
to the ductus also were infiltrated with mononuclear cells. The layers 
of the adjacent portion of the pulmonary artery were infiltrated with 
polymorphonuclear and mononuclear cells, and the process there also 
extended into the perivascular tissues. Such microscopic findings are 
reflected in certain gross changes which are of great importance from 
the surgical viewpoint. These gross abnormalities, noted in all four of 
our eases, consist of inflammation and induration of the ductal wall and 
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marked periarteritis about the ductus. The latter causes the ductus 
to become markedly adherent to the surrounding structures, while the 
former, in combination with the atheromatous changes described pre- 
viously, usually results in friability of the ductus. In this connection, 
it is of interest to note that in the case reported by Graybiel, Strieder, 
and Boyer,® the adherence of the ductus to the right branch of the 
pulmonary artery was the factor that led to the abandonment of liga- 
tion as a procedure too hazardous to perform. 

Once vegetations have become established in the ductus, spread of 
infection oceurs first and most commonly in the direction of the pul- 
monary artery. Subsequently, however, extension into the aorta may 
occur by direct growth of vegetations along the ductal wall, or possibly 
by the sweeping of organisms into the aorta during periods of tempo- 
rary reversal of the hemiec flow. Abbott’ states that during periods of 
long-continued erying, spasmodic coughing, ete., the pressure within the 
pulmonary artery may become sufficiently raised to cause such a phe- 
nomenon. 

It is generally recognized that in subacute bacterial endocarditis com- 
plicating chronic cardiac valvular disease, infected vegetations are found 
much more commonly on the left side of the heart than on the right. 
Libman’?® and Boldero and Bedford? offer, as a possible explanation 
of these findings, the theory that the higher oxygen content of the 
blood on the left side of the heart may be an important factor in favor- 
ing the growth of vegetations there. In accordance with this theory, 
the aforementioned observers have postulated that, in cases of patent 
ductus complicated by subacute bacterial endarteritis, the growth of 
vegetations in the pulmonary artery may be favored by the abnormally 
high oxygen content of the blood in the latter structure as the result of 
the arteriovenous shunt. This point, which has a direct bearing upon 
the rationale of operation in certain eases, will be discussed later. 


RATIONALE OF OPERATION : INDICATIONS AND CONTRAINDICATIONS 


The rationale of surgical treatment in cases of infected patent ductus 
is based upon the observation that the ligation or excision of a large 
venous channel which is the site of an infected feeding focus often 
proves effective in controlling bacteriemia. Thus in septie thrombo- 
phlebitis of the lateral sinus or jugular bulb complicating suppurative 
disease of the mastoid, eradication or partial eradication of the phlebitic 
process and ligation of the jugular vein have been practiced with out- 
standing success by the otologie surgeon. Neuhof?® has reported a num- 
ber of cases of septic thrombophlebitis involving various large venous 
trunks, in which recovery from sepsis followed the excision of the in- 
volved segment of vein. One of us (A. S. W. T.) has had several similar 
cases (unpublished). In a situation which parallels even more closely 
that found in patent ductus arteriosus complicated by subacute bac- 
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terial endarteritis, Hamman and Rienhoff'? reported a case of subacute 
Streptococcus viridans septicemia in which the infected vegetations were 
situated at the site of an arteriovenous aneurysm involving the left ex- 
ternal iliae artery and vein. Recovery was prompt following excision of 
the infective lesion. On the basis of the foregoing experiences, it ap- 
pears logical to assume that in cases of infected patent ductus, recovery 
may follow excision of the ductus provided operation ean be performed 
at an early stage. Accordingly, the prerequisites for successful surgical 
eradication of infection would appear to be that (1) the vegetations be 
confined to the ductus; and (2) the ductus be of sufficient length to per- 
mit excision. Unfortunately, it is impossible to determine at operation 
whether or not vegetations are confined to the ductus. Furthermore, 
the likelihood of encountering with regularity a ductus of sufficient 
length to be excised can be determined only by further experience. In 
the latter regard, however, certain information already is available. In 
the operative cases of uninfected patent ductus reported thus far,® ™ 
the ductus varied in length from 0.5 to 1.2 em. It is to be emphasized 
that practically all of these operations were performed upon children, 
but it seems reasonable to assume that in adults, in whom the aorta and 
pulmonary artery are substantially larger, the ductus in general also 
will be larger. Thus, in three of our four eases, the structure appeared 
to be of sufficient length at least to be divided and doubly ligated. 
Accepting the fact that at operation it is impossible to determine 
whether or not vegetations have spread into the pulmonary artery and 
that the ductus is found too short to excise, the question arises as to 
whether under such circumstances operation is contraindicated on the 
ground that it will prove futile. In this connection, Case 1 appears 
significant. In this patient the ductus was not completely excised, but 
was divided and then ligated as close to both orifices as possible. Since 
the interiors of the pulmonary artery and aorta were not inspected (and 
cannot be in any case), the location of the vegetations was not known. 
Still the patient recovered from the infection following operation. This 
means either that the vegetations were confined to the ductus and were 
completely excluded from the circulation by operation, or that they also 
were present in the pulmonary artery but healed quickly following the 
operative closure of the arteriovenous shunt. If the latter were actually 
the case, regardless of whether recovery resulted purely from mechani- 
cal closure of the shunt or because of the fact that highly oxygenated 
blood was prevented from entering the pulmonary artery, it appears | 
that a spread of vegetations into the pulmonary artery and right side 
of the heart would not be a contraindication to operation. If vegetations 
have extended into the left side of the heart or the aorta, however, oper- 
ation weuld appear inadvisable for the reason that foci in these regions 
would continue to feed organisms into the peripheral circulation de- 
spite excision, division, or ligation of the ductus. (This was the sequence 
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noted in Case 2 of this series in which, in retrospect, vegetations prob- 
ably were present upon the aortie valve prior to operation.) Every 
effort should be made, therefore, to determine the presence of involve- 
ment of the left side of the heart and aorta preoperatively by all avail- 
able methods of study. 

Spontaneous recovery from subacute bacterial endarteritis superim- 
posed upon patent ductus has been reported in only one case (Chester) ,* 
and Libman’ estimates that recovery occurs in not more than 3 to 5 
per cent of the eases of subacute bacterial endocarditis and endarteritis. 
The condition, therefore, is one in which the outcome is almost in- 
variably fatal. Under such circumstances it appears justifiable to main- 
tain that, barring the presence of major coexisting congenital cardiac 
anomalies or the generally poor condition of the patient, operation is 
contraindicated only if left-sided cardiae or aortic vegetations are pres- 
ent beyond doubt. 


ARGUMENTS AGAINST OPERATION 


Objections to operation upon patent ductus in the presence of a com- 
plicating subacute bacterial endarteritis have been advanced by Gross,® 
who stated that the latter ‘‘must be regarded as a contraindication to 
operation because the friable vegetations will almost certainly be dis- 
lodged and result in embolism or a more severe bacteriemia.’’ In this 
connection it is to be stressed, however, that episodes of spontaneous 
pulmonary embolization are common in this disease, but in view of the 
generally small size of the vegetations, the resulting infarctions seldom 
prove fatal. Pulmonary embolization due to operative manipulation of 
the ductus, therefore, should not be more serious than the spontaneous 
preoperative variety. If operative manipulation causes peripheral em- 
bolization, it appears warranted to assume that the resulting small in- 
farets would not ordinarily prove fatal unless perhaps they were to 
involve the brain. In the present series, the two patients who survived 
did not present embolic manifestations or a more severe bacteriemia im- 
mediately following operation. In Case 1, in which the patient re- 
covered from the subacute bacterial endarteritis following operation, 
the blood was sterile on all postoperative cultures. Two episodes of 
minor pulmonary embolization did occur, but not until the fourth and 
ninth postoperative days, respectively. Because of the long latent 
period, between the time of operation and the time of embolization, these 
phenomena ean hardly be ascribed to manipulation of the ductus. In 
Case 2, in which the patient survived operation but was not cured of 
the bacteriemia, three successive cultures (on the first, fourth, and sixth 
days, respectively) disclosed a diminishing number of organisms in the 
blood stream, and it was not until the ninth day following operation 
that the bacterial count increased. This case, therefore, also fails to 
support the contention that bacteriemia increases as the result of opera- 
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tive manipulation. Furthermore, this patient presented no embolic 
manifestations at any time during the postoperative course, although 
vegetations presumably were present upon the aortic valve. In addition, 
in the ease reported by Graybiel, Strieder, and Boyer® operative manip- 
ulation did not produce embolic manifestations. 

A danger, which apparently has not been mentioned previously but 
which presents itself to mind, is that of postoperative mediastinal and 
pleural infection. The cases of Gross and Hubbard? and those of Jones, 
Dolley, and Bullock't indicate that such complications are no more 
common following ligation of an uninfected patent ductus than follow- 
ing any other transpleural, intramediastinal operative procedure. In 
cases of patent ductus complicated by subacute bacterial endarteritis, 
however, it would appear justifiable to anticipate mediastinal and pleural 
infection more frequently, especially if the ductus had been excised 
or divided. In one of our surviving patients the ductus was divided 
while in the other it was ligated. In both cases the incision in the 
mediastinal pleura was not sutured, in order to permit free drainage 
into the left pleural cavity. Whether the low virulence of the organisms 
or the avoidance of a fluid collection within the mediastinum, or both, 
was the factor that made for recovery without infection cannot be 
stated. However, neither patient developed infection, and all specimens 
of fluid, aspirated postoperatively from the left pleural cavity, were 
sterile on culture. 


OPERATIVE TECHNIQUE 


The technique of exposure and ligation of the patent ductus, described by 
Gross,? is so well known as not to require repetition. In cases complicated by sub- 
acute bacterial endarteritis, however, certain features of the operative procedure 
merit special consideration because the surgical problem may differ considerably 
from that presented in noninfected cases. This is likely to be true, especially if the 
patient with the infected ductus is an adult. 

Cyclopropane anesthesia administered through a snugly fitting mask is our method 
of choice. Intratracheal administration appears to have no advantage over this 
method and has the serious disadvantage of frequently causing marked laryngo- 
tracheal irritation which may be the precursor of a serious postoperative pulmonary 
complication. The level of the anterior thoracic incision is best determined by the 
level of the undersurface of the aortic arch as related to the anterior ribs, in the 
roentgenogram. Thus in certain cases, an incision in the second intercostal space 
will afford a more direct approach to the ductus than an incision in the third inter- 
space. Regardless of the level, the second and third costal cartilages are divided. 

The chief differences encountered in cases of infected ductus in adults, as com- 
pared with cases of noninfected ductus in children, were: (1) the generally greater 
length and diameter of the ductus; (2) the relatively greater dilatation and thin- 
ness of the pulmonary artery, as the result of the more long-standing circulatory 
abnormality; (8) the greater friability of the walls of the ductus, as the result 
of atheromatous and infectional disease changes; and (4+) the marked periarteritis 
which rendered the ductus firmly adherent to the surrounding structures and espe- 
cially to those adjacent to its posterior wall. While the first factor may permit 
excision or (division of the ductus to be accomplished more readily, the last three 
render the likelihood of accidental hemorrhage during the freeing of the ductus 
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infinitely greater. Thus, in three of our four cases hemorrhage occurred, despite 
the fact that great care was exercised in freeing the ductus. The separation of the 
upper, lower, and superficial (left pleural) aspects of the duetus from the surround- 
ing structures can be performed under complete visualization and therefore is 
reasonably safe. The deep surface, however, cannot be visualized completely and 
constitutes the danger zone. The use of sharp instruments for stripping the ductus 
should be avoided; a blunt curved clamp or small blunt periosteal elevator is much 
safer for the purpose. Direct illumination by means of a small, curved, Cameron 
light, and the use of delicate ribbon retractors to displace the ductus forward as 
the dissection progresses behind that structure are recommended. Never should an 
attempt to pass a ligature carrier behind the ductus be made until the latter has 
been separated completely. The temptation to force the instrument through a 
strand of ‘‘tissue’’? which may actually prove to be the thinned-out ductal wall, 
an aneurysm of the ductus, or the thinned-out wall of the right branch of the 
pulmonary artery may terminate in fatal hemorrhage. 

At this juncture, attention is called particularly to the danger of injuring the 
right branch of the pulmonary artery. As stated previously, the longer duration 
of the patent ductus in adults probably is responsible for the relatively greater dila- 
tation of the pulmonary artery in adults than in children. Such dilatation involves 
not only the main trunk of the artery, but the right and left branches as well. 
The branches, therefore, are likely to be found ballooned out over the ductus, the 
left branch being situated superficial to it and the right branch deep to it. The 
periarteritis involving the ductus usually renders the latter firmly adherent to both 
branches, but the inability to completely visualize the posterior surface of the 
ductus makes its separation from the right branch particularly hazardous. When 
bleeding from the depths occurs and it is necessary to expose its source, the only 
procedure available is to apply pressure temporarily, free the ductus as much as 
possible, and divide it between clamps. Unfortunately as clamps are applied to the 
ductus, the latter is apt to crumble because of its friability. Thus, hemorrhage once 
begun, whether it results from injury to the wall of the ductus, an aneurysm of 
the ductus or the pulmonary artery, is ominous. Hemorrhage occurred in three 
of our four cases. In the first case, it appeared after the ligature had been suc- 
cessfully passed about the tuctus and the latter was being retracted upward. Its 
source was obviously the ductus itself, as it was controlled after the latter structure 
had been clamped. In this case, fortunately, the clamps held. In the second case 
there was no bleeding. In the last two cases, fatal hemorrhage occurred in the 
operating room as the final stage of separation of the posterior surface of the 
ductus was being carried out. In the first of these, the ductus appeared to have 
been freed completely and a ligature carrier was being passed behind it from below 
upward. At one point slight resistance was encountered, and the ductus was re- 
tracted forward in order to expose the tip of the ligature carrier at its point of 
blockage. The tip of the instrument could be palpated readily from above and 
could be seen shining through what appeared to be a small amount of connective 
tissue. On the assumption that the situation was safe, the instrument was passed 
through readily, only to be followed by bleeding which became uncontrollable as 
the friable ductus crumbled and the thinned-out pulmonary artery tore as clamps 
were being applied. In the last case, a structure which appeared to be an accessory 
ductus was encountered, ligated, and divided. The final stage of freeing the poste- 
rior surface of the main ductus was almost completed, a blunt, curved clamp being 
used for the purpose, when bleeding began. The sequence of events in this case 
was identical with that noted in the preceding case, death resulting within a few 
minutes from exsanguination. 

The final point to be mentioned in the technique of operation is the avoidance 
of suture of the incision in the mediastinal pleura. By permitting free drainage of 
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fluid from the mediastinum into the left pleural cavity, the tendency toward 
mediastinal infection, which is always a serious complication, should be lessened. 
As stated previously, neither of the two patients who survived operation developed 
mediastinal or pleural infection. 


ANALYSIS OF CASES 


The four patients included in this report were adult females, ranging 
in age from 24 to 63 years. The diagnosis of patent ductus had been 
made in early childhood in each case, but practically no symptoms had 
been noted until infection supervened. The infecting organism was 
Streptoccocus viridans in each ease. The duration of infection, prior 
to operation, varied from three weeks to five months. The disease ap- 
parently followed upper respiratory infection in two patients and oc- 
curred post partum after instrumental delivery in another; the portal 
of entry of infection was not apparent in the last. Three of the four 
patients had received chemotherapy prior to operation. In all, the 
course was downhill; in three, the manifestations were of the septic 
variety. The number of colonies in the blood stream, in the four eases, 
ranged from 6 to 400 per cubic centimeter. 

In all patients the significant findings at operation were inflammation 
and induration of the ductal wall, marked periarteritis which produced 
firm adherence of the ductus to the surrounding structures, and dilata- 
tion and thinning of the pulmonary artery. In only one (Case 2) was 
there no hemorrhage during operation. Of the three patients in whom 
bleeding occurred, two succumbed on the operating table (Cases 3 and 
4). Post-mortem examination of these two patients disclosed vegetations 
only within the ductus and pulmonary artery. 

Of the two patients who survived, the first (Case 1) recovered from 
the infection. At operation the ductus was divided and doubly ligated. 
The blood, which contained 400 colonies per cubic centimeter prior to 
operation, at once became sterile. In the second surviving patient (Case 
2), the ductus was too short to be divided and therefore was ligated. 
The preoperative blood cultures contained 50 colonies per eubie centi- 
meter. The first three postoperative cultures revealed 10, 18, and 4 
colonies per cubie centimeter, respectively; but a fourth culture, taken 
on the ninth postoperative day, disclosed the presence of 140 colonies per 
cubic centimeter. This patient, in addition to having a patent ductus 
arteriosus, was suspected of having a patent interventricular septum 
or, more probably, an aortic valvular lesion. In retrospect, the latter 
lesion probably was present and was assumed to be the reason for failure. 
In neither patient did mediastinal or pleural infection occur. The first 
patient (Case 1) is in excellent health. It is now nineteen weeks since 
operation, and all postoperative blood cultures (seven in number) have 
been sterile. The second patient (Case 2) still has a bacteriemia seven- 
teen weeks after operation. During the first two months following 
operation her general condition improved, apparently as the result of 
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correction of the altered circulatory dynamics. Recently, however, 
she has been losing ground slowly as the result of the continuing infec- 
tion. 

In Case 1 the preoperative blood pressure, although somewhat low, 
was within normal limits. Following operation, the blood pressure read- 
ings became slightly higher. In Case 2 the preoperative blood pressure 
ranged between 118 and 136 systolic, and between 46 and 60 diastolic. 
Postoperatively, the systolic level remained unchanged, but the diastolic 
level rose to between 58 and 78. The rise in diastolic pressure undoubt- 
edly was due to ligation of the ductus, but its failure to rise to a more 
normal level was assumed to be due to aortie insufficiency resulting 
from involvement of the aortie valve by vegetations. 

In Case 1 the characteristic machinery-like murmur in the pulmonic 
area remains, but is less intense and more circumscribed. In Case 2, 
there is no appreciable change in the murmurs noted preoperatively 
over the pulmonie area, apex, and base. Without entering into detailed 
discussion, it may be stated that diminution of the thrill, tremor, and 
murmur was noted in all four patients when digital pressure was applied 
over the patent ductus during operation. These phenomena did not 
disappear completely, however, until pressure was applied simultane- 
ousiy over the pulmonary artery. The loud machinery-like murmur 
persisted in Case 1 after operation, despite the fact that the ductus 
had been divided, and the stumps ligated close to the aorta and pul- 
monary artery, respectively. These various observations, both during 
and after operation, led to the conclusion that in our patients, all of 
whom were adults suffering from subacute bacterial endarteritis com- 
plicating patent ductus arteriosus, the murmur was not produced solely 
by the arteriovenous shunt, but appeared to originate in part within 
the pulmonary artery system. Whether the relatively greater dilatation 
of the pulmonary artery in adults as compared with children is solely 
responsible, or whether the vegetations which result from the bacterial 
infection contribute to these phenomena will not be discussed in this 
paper, but will be the subject of another communication. 


CONCLUSION 


Assuming that in a given ease operation has resulted in recovery 
from subacute bacterial endarteritis, the question arises whether the 
patient will remain protected permanently against reinfection. In the 
light of our present limited experience, this question obviously cannot 
be answered. However, we plan to observe our patient (Case 1) closely, 
and we shall report upon her condition from time to time. It also is 
of utmost importance to keep under observation all patients who have 
been operated upon for uninfected patent ductus in order to determine 
whether infection supervenes. For, if these patients are protected 
against the subsequent development of subacute bacterial endarteritis, 
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or if there is a significant lessening in the incidence of such infection 
in cases operated upon as compared with those not subjected to opera- 
tion, a powerful argument is offered in favor of early operation upon 
patent ductus, even in the absence of symptoms. It is hoped that in- 
ternists, encouraged by the prompt recovery of one of our patients fol- 
lowing operation, will give serious consideration to surgical treatment 
early in the course of ductal infection, before spread of the disease takes 
place. The fact that the prognosis under medical therapy is practically 
hopeless would appear to be a particularly valid reason for encouraging 
the surgeon in his efforts. Although the mortality of surgical treatment 
may prove to be high it can hardly be higher than that of medical treat- 
ment, and in the future it may be reduced considerably by new technical 
methods caleulated to reduce the danger of accidental hemorrhage dur- 
ing operation. Among such methods consideration will have to be given 
to the feasibility of excising not only the ductus, but a portion of the 
healthy pulmonary artery and aorta on either side of the ductus. An- 
other method which seems worthy of consideration, and which will be 
the subject of personal experiments, is electrocoagulation similar to that 
employed successfully in the treatment of aortie aneurysms. 


SUMMARY AND CONCLUSIONS 


In patients with patent ductus arteriosus, subacute Streptococcus 


viridans endarteritis may supervene at any time. The infection occurs 
most commonly during late childhood and early adult life, but has been 
noted as early as the sixth year and as late as the sixty-third year of life. 
At present, the outcome under medical therapy almost invariably is fatal. 
The rationale of surgical therapy is based upon the observation that 
the ligation or excision of a large venous channel which is the site of an 
infected focus often proves effective in controlling bacteriemia. <Al- 
though a ductus sufficient in length to be excised and with vegetations 
confined exclusively to it would appear to be a prerequisite for cure by 
operation, probably such an ideal situation seldom will be encountered. 
Evidence is presented, however, to indicate that a spread of vegetations 
into the pulmonary artery is not a contraindication to operation and that 
complete excision of the ductus, although desirable, is not essential. The 
only contraindications to operation appear, in general, to be unques- 
tionable evidence of the presence of infected vegetations in the left side 
of the heart or the aorta, the presence of coexisting major congenital 
cardiae anomalies, or the generally poor condition of the patient. 
Important pathologic features of surgical significance in cases of 
patent ductus complicated by subacute bacterial endarteritis are: (1) 
friability of the ductus as the result of infectional and sclerotic changes; 
(2) periarteritis which renders the ductus adherent to the surrounding 
structures; and (3) dilatation of the pulmonary artery. These features 
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increase greatly the likelihood of serious accidental hemorrhage during 
operation. Such bleeding appears to be the chief danger of operation. 

Four adults with subacute Streptococcus viridans endarteritis com- 
plicating patent ductus arteriosus were subjected to operation. The first 
patient recovered from the infection and has been well since operation 
nineteen weeks ago. The second patient was temporarily improved as 
the result of correction of the altered circulatory dynamics, but the 
bacteriemia persists seventeen weeks after operation. The third and 
fourth patients died of uncontrollable hemorrhage during operation. 

Recovery from subacute bacterial endarteritis in one of four patients 
subjected to operation affords little indication of the results which are 
to be anticipated regularly from this method of treatment. However, 
the fact that surgical therapy was successful in this case should en- 
courage others to give the method a thorough trial in the hope of reduc- 
ing the mortality rate of a disease which even the most optimistie ob- 
servers place between 95 and 97 per cent. 


CASE REPORTS 


Case 1.—S. S., a native-born, single, white female, aged 29 years, was admitted 
to the Medical Service of Dr. Albert A. Epstein on Jan. 20, 1940. She was one 
of five children, none of whom suffered from any known congenital anomaly. She 
had been told that a cardiac murmur had been present since birth, but that she 
had not been a ‘‘blue baby.’’? During her childhood she engaged in strenuous 
games without manifesting unusual shortness of breath or distress. Aside from 
tonsillectomy at the age of 8 and a mild attack of typhoid fever at 14, her past 
history was entirely negative. 

About two and one-half months prior to admission she became nervous, irritable, 
and easily fatigued. These symptoms became progressive, and she soon lost her 
appetite and began to vomit and to lose weight. Although she did not take her 
temperature, she felt ‘‘warm’’ and perspired freely on a number of occasions. One 
week prior to admission, and again on the day of admission, she had a chill. During 
her illness her weight fell from 95 to 88 pounds. 

On physical examination she was acutely ill, pale, thin, and underdeveloped. 
The temperature was 103.4° F., and the pulse rate, 144. The heart was not en- 
larged. A short blowing systolic murmur was heard over the apex and most of 
the left precordium. In the second interspace, immediately to the left of the 
sternum, a freely transmitted, loud, machinery-like murmur replaced the first sound. 
This murmur continued through the second sound and most of diastole. The pul- 
monic second sound was accentuated. The sounds over the aortic area were normal. 
There was no evidence of cardiac failure. Aside from moderate splenic enlarge- 
ment, the remainder of the physical examination was negative. Blood pressure on 
six successive days varied between 94 and 110 systolic, and between 60 and 72 
diastolic. 

Laboratory Data.—X-ray examination of the chest revealed the heart to be of 
normal size, but of somewhat oval contour. There was some prominence of the 
are of the pulmonary artery, with straightening of the left cardiac border. Mod- 
erate pulmonary vascular congestion was present. Kymographic examination dis- 
closed marked pulsation of the pulmonary artery. The four-lead electrocardiogram 
was normal. Left axis deviation was present. A sound tracing of the heart 
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revealed the murmur over the pulmonic area to be continuous through systole and 
diastole, with the exception of a small period of silence during presystole. Urine 
was normal except for the presence of a few red blood cells. Examination of the 
blood revealed moderate secondary anemia, with elevation of the white blood count 
to 17,500. Erythrocyte sedimentation rate was rapid (45 mm. in forty-five minutes). 
Blood culture, taken two days after admission, revealed 400 colonies of Streptococ- 
cus viridans per cubie centimeter after forty-eight hours incubation. A second eul- 
ture taken two days later was heavily positive in the flasks, but plates were not 
inoculated. The diagnosis of patent ductus arteriosus with complicating subacute 
Streptococcus viridans endarteritis was made. The patient was observed for seven 
days, during which the clinica! course was of the septic type with irregular fever 
ranging between 99 and 103.4° F. During this period the only drugs administered 
were aspirin and phenobarbital. 

In view of repeated failure to cure subacute bacterial endocarditis by medical 
methods, and especially because of the severity of the patient’s clinical course, 
operative treatment was proposed. With the understanding on the part of the 
patient’s relatives that the procedure was experimental, but was worthy of trial 
in view of the otherwise hopeless prognosis, operation was undertaken seven days 
after admission. 

On Jan. 27, 1940, cperation was performed (by A.S. W.T.) under intratracheal 
cyclopropane anesthesia. A left-sided, anterior, thoracic incision was made in the 
third intercostal space. The second and third costal cartilages were divided. An 
extensive tremor and thrill were noted over the expose.l surface of the heart. The 
thrill also was palpable over the root of the aorta and the region of the pulmonary 
artery. Through a directly applied sterile stethoscope, a very loud, harsh, whirring 
murmur could be hear: over these areas, throughout the cardiac cycle. A 1% inch 
incision was made in the mediastinal pleura below the aortic arch, and the under- 
surface of the arch, ductus arteriosus, and pulmonary artery were freely exposed. 
The ductus measured 5 inch in length and %4 inch in diameter; the pulmonary 
artery was markedly dilated. The thrill and murmur previously described were now 
detected directly over both of these structures. The left recurrent laryngeal nerve 
was identified as it passed beneath the junction of the ductus and aorta. The 
ductus next was isolated, except on its deep surface where it was quite adherent. 
With difficulty, the deep surface was freed end a strand of heavy silk on a liga- 
ture carrier was passed beneath it. As gentle upward traction was made upon the 
untied ligature, vigorous and profuse bleeding suddenly began from the depths. 
Although the source of the hemorrhage was not visible, it was assumed to be due 
to a tear in the deep surface of the ductus. In view of the fact that only the 
gentlest traction had been made, it was further assumed that the wall of the 


ductus was very friable. With difficulty, bleeding was temporarily controlled by 


pressure, and clamps were applied to the ductus. The structure then was rapidly 
dissected free and divided completely. The upper end was ligated with a heavy 
silk ligature immediately adjacent to the aorta, and the lower end was similarly 
ligated adjacent to the pulmonary artery. At this juncture it was noted that the 
thrill, tremor, and bruit over the exposed heart, although diminished, were sfi?l 
present. Only when temporary pressure was made over the pulmonary artery did 
they disappear completely. Because of assumed contamination of the operative field 
from the divided ductus, the incision in the mediastinal pleura was not sutured. 
Immediately before the thoracic closure was completed, the lung was expanded with 
positive pressure. 

Concomitant with the severe hemorrhage during operation, the blood pressure and 
pulse became almost imperceptible and the patient went into shock. After an imme- 
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diate intravenous infusion of gum acacia followed by a transfusion of 500 c.c. 
of citrated blood, improvement was noted, but her condition was still precarious at 
the close of operation. 

On her return to the ward, two transfusions of 500 e.c. each were administered, 
and within a few hours evidence of shock disappeared. Intranasal oxygen was ad- 
ministered at intervals, to control transient episodes of dyspnea and cyanosis during 
the first few days. Sero-sanguineous fluid (sterile on culture) was aspirated from 
the left chest on the third and fourth postoperative days. On the second post- 
operative day, the temperature rose to 104.4° F., but thereafter defervesced, except 
for transient rises to 103.4° and 103° on the fourth and ninth postoperative days, 
respectively, concomitant with minor episodes of right-sided pulmonary infarction. 
The wound healed by primary union, all sutures being removed on the fifth post- 
operative day. The patient was permitted out of bed seven days later. 

Six postoperative blood cultures were taken (on the second, fourth, seventh, 
twelfth, sixteenth, and twenty-first days, respectively), and all remained sterile 
throughout fourteen days of incubation. Some of these blood specimens were 
arterial as well as venous; some were anaerobic as well as aerobic. On the after- 
noon of the fifth postoperative day, sulfapyridine was administered because of fear 
of infection within the mediastinum and left pleural cavity. Six grams of the drug 
were given on the fifth day, and 3 Gm. on the sixth day, at which time it was dis- 
continued because of persistent vomiting. It is to be emphasized that the tempera- 
ture already was subsiding and was down to 100.4°, and that the two postoperative 
blood cultures taken up to that time had been reported sterile when the administra- 
tion of sulfapyridine was begun. Therefore, it appears highly unlikely that the 
drug had any significant effect upon the bacterial endarteritis. 


9 LO-1l 12,25 18 15 16 17 18 19 20 21 22 23 28 25 26 27 28 29 50 31 82 85 5 
a@@a a a a 


8 
> 


Fig. 1.—B.C., Blood culture; Si, sulfapyridine started; Se, sulfapyridine stopped; P.I., 
pulmonary infarction. 


The patient was discharged symptom-free and in excellent physical condition on 
the twenty-sixth postoperative day. (Fig 1.) Since then she has been kept 
under close observation. The temperature has remained normal, and weight has 
returned to its normal level. Blood culture is negative; blood count and sedimen- 
tation rate are normal, and the urine no longer contains red blood cells. The 
machinery-like murmur over the pulmonic area persists, but is less intense and 
more circumscribed. The spleen is no longer palpable. The blood pressure taken 
before a Bohn exercise test a few days ago was 128/90. The pressure taken imme- 
diately following the test was 144/88, indicating an absence of the arteriovenous 
shunt. The blood volume is normal. Slight hoarseness, due to partial paralysis of 
the left vocal cord, is present. 


Summary.—A case is reported of patent ductus with superimposed 
subacute Streptococcus viridans endarteritis in a young woman of 29 
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years. During a seven-day period of hospitalization the clinical course 
appeared severe. Blood culture revealed 400 colonies of Streptococcus 
viridans per cubie centimeter. Operation was undertaken in the hope 
of eliminating the infection. The procedure consisted in division and 
double ligation of the ductus. Severe hemorrhage occurred at operation, 
but, otherwise, the postoperative course was not severe. It is now nine- 
teen weeks since operation. All postoperative blood cultures, seven in 
number, have been negative, and recovery apparently has resulted. This 
is the first survival to be reported following operation in a ease of patent 
ductus arteriosus complicated by subacute bacterial endarteritis. It is 
also the first case in which recovery from such infection has followed 
surgical treatment. 


Case 2.—G. F., a native-born, married, white female, aged 29 years, was ad- 
mitted to the Medical Service of Dr. I. W. Held on Feb. 1, 1940. Since early child- 
hood she had been known to have a congenital cardiac lesion, which, however, had 
never produced symptoms. During childhood she had measles, whooping cough, 
chicken pox, and bronchopneumonia, but recovered from all of these illnesses with- 
out incident. Aside from a miscarriage followed by curettage one year ago, her 
past history was irrelevant until five weeks before admission. At that time she 
was delivered of a normal child by low forceps operation after a labor of five 
hours. Her post-partum course was uneventful for three weeks, but she then 
developed pain in the left flank, high fever, chilly sensations, malaise, and anorexia. 
During the ensuing two weeks, despite intensive sulfapyridine therapy, all symptoms 
continued, and a blood culture was reported positive for Streptococcus viridans. 

On physical examination she appeared acutely ill. Temperature was 101.4° F., 
and pulse, 120. Blood pressure was 136/60, and loud ‘‘ pistol shots’? were audible 
over the femoral arteries. Moderate lochial discharge was still present. The essen- 
tial physical findings were confined to the heart. The latter was markedly enlarged 
to the left. The point of maximal impulse was situated in the sixth left interspace 
in the anterior axillary line. The cardiac thrust was accentuated, and a marked 
continuous thrill was noted in the second and third interspaces immediately to the 
left of the sternum. A loud, whirring, continuous, systolic and diastolic machinery- 
like murmur was present in the same area. Systolic and diastolic murmurs also 
were present over the aortic area and apex. 

Laboratory Data—xX-ray examination of the chest revealed marked bilateral 
pulmonary vascular congestion. There was marked enlargement of the left auricle 
and ventricle, and dilatation of the pulmonary conus. The right cardiae contour 
and areus of the aorta were normal. 

Kymographic examination disclosed considerable amplitude of the aortic move- 
ments, sharp collapse of the pulse, and prominent conus pulsations. The left ven- 
tricular movements included an accessory diastolic limb which was considered as 
possibly due to aortic insufficiency. 

The electrocardiogram revealed left axis deviation, with an inversion of the 
T wave in Lead III. The phonocardiogram revealed the presence of aortic and 
apical systolic and diastolic murmurs; in the pulmonic area a murmur was present 
throughout the cardiac cycle, with the exception of a period of relative silence 
during presystole. 

The urine, on the first examination, was negative except for the presence of 
numerous granular casts and ap occasional leucocyte. Its specific gravity ranged 
between 1.012 and 1.020. No red blood cells were present. 
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The blood contained 3,250,000 red blood cells, with 68 per cent hemoglobin. The 
leucocyte count was 9,800, with 77 per cent polymorphonuclear leucocytes. The 
erythrocyte sedimentation rate was 44 mm. in forty-five minutes. Circulation time 
was normal. The blood contained 15 colonies of Streptococcus viridans per cubic 
centimeter. 

The diagnosis of patent ductus arteriosus complicated by subacute Streptococcus 
viridans endarteritis was made. Because of the presence of the aortic and apical 
systolic and diastolic murmurs, together with the roentgenkymographie findings 
described above, the additional diagnosis of an associated congenital anomaly, i.e., 
patent interventricular septum or, more likely, an aortic valvular lesion, was enter- 
tained. 

During a one-week period of hospital observation, the temperature was of the 
septie type and ranged between 100 and 104° F. Drenching sweats also occurred. 
The hemoglobin fell from 68 to 60 per cent, and two additional blood cultures 
each revealed 50 colonies of Streptococcus viridans per cubic centimeter. During 
this period the patient received only symptomatic treatment. The blood pressure 
ranged from 118 to 136 systolic and from 46 to 60 diastolic. 

In view of the poor prognosis expected under medical therapy and the satisfac- 
tory result which followed operation in Case 1, it was the consensus of opinion that 
surgery also should be employed in this patient. . Because of the possibility of the 
existence of an associated congenital cardiac lesion or an acquired valvular lesion, 
there was considerable doubt, however, that as satisfactory a result would be ob- 
tained as followed operation in Case 1. 

Operation was performed on Feb. 8, 1940 (by A.S.W.T.) under cyclopropane 
anesthesia. The approach was made in the second interspace after dividing the 
second and third costal cartilages. The ductus was exposed and isolated in the 
usual manner. A number of overlying acutely inflamed lymph nodes were removed. 
As in Case 1, the ductus was inflamed and firm and intimately adherent to the 
surrounding structures on all aspects by the perivascular inflammatory process. It 
measured about 14 inch in length and % inch in diameter. Because of its short- 
ness it could not be divided safely between ligatures, and accordingly, after being 
carefully freed, was ligated with a single strand of heavy silk. As in the first 
ease, diminution of the thrill, tremor, and bruit occurred after ligation of the 
ductus, but during operation these phenomena disappeared completely only when, 
in addition, the pulmonary artery was temporarily compressed. The mediastinal 
pleura was left open and the thoracic parietes were closed in layers. 

The patient withstood the operative procedure well, and the postoperative course 
was essentially uneventful. The temperature during the first week fluctuated as 
it had during the preoperative period. Blood cultures taken on the first, fourth, 
and sixth postoperative days revealed 10, 18, and 4 colonies of Streptococcus viri- 
dans per cubic centimeter, respectively. This diminution in the bacterial count was 
encouraging, but a fourth blood culture, taken on the ninth postoperative day, re- 
vealed the presence of 140 colonies per cubic centimeter of blood. After that 
time all blood cultures remained positive, the count varying between 12 and 500 
colonies per cubic centimeter on different occasions. Serosanguineous fluid was 
aspirated from the left chest on two occasions, and each time was reported sterile. 
The wound healed kindly, all sutures being removed on the sixth postoperative day. 
The patient was permitted out of bed thirteen days later. Because of continuing 
fever and bacteriemia, several courses of sulfapyridine therapy were given during 
the postoperative period, with only temporary effect on the febrile course and no 
effect on the bacteriemia. 

The postoperative x-ray films revealed no essential change in the cardiac con- 
tour, but the inversion of the T wave, noted in Lead III of the preoperative 
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electrocardiogram, disappeared. The heart sounds remained essentially unchanged. 
The diastolic blood pressure, which ranged between 46 and 60 prior to operation, 
varied between 58 and 78 following operation. The systolic levels, however, re- 
mained unchanged. 

The patient was discharged fifty-three days after operation to Bellevue Hospital. 
At first, her general condition was improved, apparently as the result of the surgical 
closure of the arteriovenous shunt, but recently her course has been slowly down- 
hill as the result of the continuation of infection. 


Summary.—A ease is reported of patent ductus arteriosus with super- 
imposed Streptococcus viridans endarteritis in a woman of 29 years. The 
first symptoms of infection were noted three weeks after instrumental 
delivery. Intensive sulfapyridine therapy for two weeks prior to admis- 
sion was without effect. During a seven-day period of hospital observa- 
tion the clinical course was severe, the blood cultures revealing as many 
as 50 colonies of Streptococcus viridans per cubic centimeter. Certain 
clinical features suggested the presence of an additional cardiac lesion 
such as a patent interventricular septum, or, more likely, an aortic 
valvular lesion. At operation, the shortness of the ductus permitted 
only simple ligation. Blood cultures in the early postoperative phase 
revealed a diminishing number of colonies, assumed to be due to ligation 
of the ductus. The subsequent increase in the bacteriemia was assumed 
to be due to the continued growth of vegetations upon the aortie valve. 
It is now seventeen weeks since operation, and the general physical 


condition, although temporarily improved, is deteriorating now as the 
result of the continuation of infection. 


Case 3.—A. 8., a married, white, native-born female, aged 63 years, was ad- 
mitted to the Private Pavilion of Mount Sinai Hospital under the care of Dr. Saul 
R. Kelson. She had had a cardiac lesion since birth which, despite an unusually 
active life, had never caused symptoms. Three months prior to admission she de- 
veloped ‘‘grippe.’’ This was associated with fever, severe cough, and diarrhea. 
She remained in bed for from two to three weeks, but fever and weakness per- 
sisted. Seven weeks prior to admission, blood cultures taken at another institution 
were found to be positive for Streptococcus viridans. Sulfanilamide and sulfapy- 
ridine therapy resulted in transient effect on the febrile course, but had no effect 
on the bacteriemia. 

On admission the patient appeared pale and chronically ill. Temperature was 
102.6° F., and pulse, 96. There was no clubbing of the fingers nor petechiae. 
The spleen was palpated one fingerbreadth below the costal margin and was tender. 
The heart was. moderately enlarged, the point of maximal impulse being noted 
in the sixth intercostal space 3 em. beyond the mid-clavicular line. A loud, machin- 
ery-like, systolic murmur was heard over the entire precordium, being maximal at 
the pulmonic area; no diastolic component was noted. Blood pressure was 130/50. 
Examination of the blood revealed 3,110,000 red blood cells, with 54 per cent 
hemoglobin; the white blood cells totalled 14,350, with 87 per cent polymor- 
phonuclear leucocytes. The urine contained a faint trace of albumin and a few 
pus cells. Specific gravity was normal. 

The diagnosis of patent ductus arteriosus with superimposed subacute Strepto- 
coccus viridans endarteritis was made. 
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The patient was observed for seven and one-half weeks, during which period she 
received several courses of chemotherapy, including sodium sulfapyridine and 
heparin. The clinical course in the beginning was one of improvement, but sub- 
sequently she developed evidence of cardiac failure and fever recurred. A blood 
culture at that time was reported positive for Streptococcus viridans (six colonies 
per cubie centimeter). During the period of observation she suffered a transient 
episode of pulmonary infarction and developed petechiae. The symptoms of cardiac 
failure and pulmonary infarction responded to appropriate medical therapy, and 
the petechiae subsequently disappeared. Profound anemia, which resulted both 
from bacterial infection and chemotherapy, was combatted by repeated transfu- 
sions. The blood pressure during the 7144-week period of observation ranged from 
160 to 125 systolic and from 70 to 40 diastolic. 

Finally, because of persistence of the bacteriemia, progressive rises in tempera- 
ture, inereasing leucocyte count, progressive anemia, and the generally downhill 
course, operation was advised. At that time, her general physical condition was 
still fairly good. There was no gross evidence of cardiac failure, and the evidence 
of pulmonary infarction had long since disappeared. 


Fig. 2.—Case 3, roentgenogram of chest of patient. Note extensive bilateral pulmo- 
nary vascular congestion and obscuration of the aortic arch by the greatly enlarged 
pulmonary conus. 


Operation was performed on March 16, 1940 (by A.S.W.T.) under avertin- 
cyclopropane anesthesia. The anterior thoracic approach through the second inter- 
costal space, with division of the second and third costal cartilages, was employed. 
The pulmonary artery was so strikingly elongated and enlarged that it covered the 
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aortic arch completely (Fig. 2). The diameter of the aortic arch was about 1 inch, 
and that of the pulmonary artery was 1%4 inches. Only after the pulmonary artery 
had been dissected free from the aorta and the surrounding structures retracted 
downward could the aortic arch be completely visualized. The ductus then was 
exposed and found to measure about 84 inch long and *% inch in diameter. As in 
the previous cases, marked periarteritis was present, the ductus being extremely 
firm and resistant and intimately adherent to all adjacent structures by indurated 
inflamed tissue. A number of inflamed lymph nodes lay adjacent to it. The 
tremor, bruit, and thrill over the heart, pulmonary artery, and ductus, as noted in 
previous cases, were found. Pressure over the ductus resulted in diminution of the 
thrill, bruit, and tremor, but the complete disappearance of these phenomena was 
noted only during periods in which the pulmonary artery itself was compressed. 
The ductus was carefully stripped free on its upper, lower, and left pleural aspects. 
On its deep surface considerable difficulty was encountered in freeing the ductus 
from the left main bronchus and the right branch of the pulmonary artery. In 
the final stage of freeing the deep surface, while only a small portion of the 
circumference of the ductus still was adherent, bleeding occurred from the depths. 
Temporary pressure was applied and attempts made to separate the ductus more 
completely, but the hemorrhage increased rapidly. Attempts to clamp the ductus 
were of no avail because the structure proved friable and crumbled under pressure, 
with the result that profuse and fatal hemorrhage occurred within a few minutes. 

At post-mortem examination, two firm vegetations, each about 34, inch in diam- 
eter, were found in the pulmonary artery immediately opposite the opening of the 
ductus. The ductus itself had been destroyed by the clamps to such an extent 
that it no longer was recognizable and therefore could not be examined. No vege- 
tations were found elsewhere in the heart or aorta. Chronic interstitial valvulitis, 
in the form of slight retraction of the cusps, was found involving the mitral, aortic, 
and pulmonic valves. No vegetations, however, were present on the valves. Both 
ventricles were hypertrophied. Multiple, partly organizing infarcts were noted in 
the lungs. The spleen was enlarged (290 Gm.). The remainder of the post-mortem 
findings were irrelevant. 


Summary.—A ease is reported of patent ductus arteriosus with super- 
imposed subacute Streptococcus viridans endarteritis in a woman of 63 
years (the oldest patient with such infection to be recorded in the litera- 
ture). Symptoms followed an upper respiratory infection and had been 
present for approximately five months prior to operation. Intensive 
medical therapy, over a period of approximately three and one-half 
months prior to operation, included repeated transfusions and the use 
of sulfanilamide, sulfapyridine, and heparin. Transient improvement 
was followed by slow but progressive deterioration and finally by evi- 
dence of increased activity of infection. At operation the striking find- 
ing was the presence of a very large pulmonary artery which completely 
covered the aortic arch. Marked ductal inflammation was present; and 
periarteritis, causing firm adherence of the ductus to the surrounding 
structures, especially the pulmonary artery, was noted. As the posterior 
wall of the ductus was being separated from the right braneh of the 
pulmonary artery, hemorrhage occurred. Attempts to control the latter 
were unsuccessful, death occurring in the operating room. At post- 
mortem examination, the only evidence of disease outside the ductus 
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was the presence of two vegetations in the pulmonary artery. These 
findings led to the conclusion that the ease was one in which a satis- 
factory result might have followed operation. 


Case 4.—J. 8., a native-born, married, white female, aged 24 years, was ad- 
mitted to Beth Israel Hospital on March 29, 1940. Since the age of 5 years, she 
was known to have had a congenital cardiac lesion. The latter produced no symp- 
toms, however, except for shortness of breath on severe exertion. Two years pre- 
viously, she had gone through a normal full-term pregnancy without incident and 
was delivered of a living child. Her past history was irrelevant until three months 
before admission, at which time she ‘‘caught cold.’’ This illness was associated 
with fever and weakness. Despite bed rest for three weeks, symptoms continued, 
and the diagnosis of ‘‘influenza’’ then was made. Her appetite became poor, and 
she began to lose weight slowly but progressively. Six weeks before admission, 
she underwent an emergency operation at another institution for a twisted right 
ovarian cyst. Following operation, fever continued and ranged between 99 and 
104° F. Eight blood cultures taken during the ensuing month resulted in five 
positive and three negative. Intensive chemotherapy and repeated transfusions were 
without effect. 

On admission the patient was pale and thin, and appeared chronically ill. 
Temperature was 99° F., and pulse, 92. There was no cyanosis, clubbing of the 
fingers, or petechiae. The spleen was not palpable. Loud ‘‘ pistol shots’’ were 
present over the femoral arteries. The essential physical findings were confined 
to the heart which was slightly enlarged to the left. A systolie and diastolic thrill 
was noted in the left second interspace. In this area, a localized, continuous, 
machinery-like murmur also was audible. Soft systolic murmurs were noted over 
the aortic area and apex. The blood pressure was 120/56, and during the next 
few days, 118/54 and 104/50. 

Laboratory Data.—X-ray examination of the chest revealed bilateral pulmonary 
vascular congestion, marked prominence of the pulmonary conus, and slight enlarge- 
ment of the left ventricle. Kymographic examination revealed dilatation and wide 
pulsation of the pulmonary artery. The electrocardiogram was normal. Examina- 
tion of the urine revealed a trace of albumin, occasional hyaline casts, and red and 
white blood cells. The blood contained 4,250,000 red cells, with 96 per cent hemo- 
globin; the white blood cells totalled 10,000, with 80 per cent polymorphonuclear 
leucocytes. Circulation time was normal. The erythrocyte sedimentation rate was 
22 mm. in forty-five minutes. Venous pressure and circulation time were normal. 
Blood culture revealed thirty-two colonies of Streptococcus viridans per cubic centi- 
meter. 

The diagnosis of patent ductus arteriosus with superimposed subacute Strepto- 
coccus viridans endarteritis was made. 

During a ten-day period of observation, the temperature was of the septic type 
and ranged between 98.6 and 104° F. Profuse sweats, moderate precordial pain, 
and weakness were the outstanding features of the clinical course. A second blood 
culture three days after admission revealed 72 colonies of Streptococcus viridans 
per cubic centimeter. 

Operation was performed (by A.S.W.T.) on April 8, 1940, under avertin- 
cyclopropane anesthesia. The approach was made in the second intercostal space. 
A structure assumed to be the patent ductus, and measuring about % inch in length 
and 34g inch in diameter, was carefully exposed, isolated, doubly ligated, and divided. 
Because of the fact that a strong thrill still was palpable in the depths of the 
operative field, the area was inspected further. After removing several inflamed 
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lymph nodes, the main ductus was visualized and exposed. It measured about 3 
inch in length and % inch in diameter. As in previous cases, it was indurated and 
firmly fixed by a severe perivascular inflammatory reaction to the adjacent struc- 
tures, especially those facing its deep surface. The ductus was freed above, below, 
and on its superficial surface; the dissection on the deep surface then was carried 
carefully from above downward and from below upward. As in Case 3, the dissec- 
tion of the deep surface of the ductus appeared almost complete when bleeding 
from the depths occurred. This at first could be controlled with digital pressure, but, 
as attempts were made to expose its source, the hemorrhage increased tremendously. 
The application of clamps was of no avail, as the ductus was friable and tore 
easily; death occurred within a few minutes. 

At post-mortem inspection vegetations were found in the ductus and the pul- 
monary artery immediately adjacent to its junction with the ductus. A few pin- 
point verrucae also were found on the pulmonic valve, but the remaining valves 
were free of vegetations. 


Summary.—A ease is reported of patent ductus arteriosus with super- 
imposed Streptococcus viridans endarteritis in a woman of 24 years. 
Symptoms followed an upper respiratory infection and had been present 
for approximately three and one-half months prior to operation. The 
clinical course was severe, the blood cultures revealing as many as 72 
colonies of Streptococcus viridans per cubic centimeter. Intensive medi- 
eal therapy was without effect. 

At operation, an inflamed, indurated structure, assumed to be an 
accessory ductus, was divided and doubly ligated. The main ductus, 
which lay beneath it, also was inflamed and intimately adherent to all 
surrounding structures. In freeing the posterior surface hemorrhage 
oceurred, either from the ductus or the adjacent right branch of the 
pulmonary artery. Attempts to control bleeding were unsuccessful, and 
death occurred in the operating room. 

At post-mortem inspection, vegetations were found in the duetus, in 
the adjacent portion of the pulmonary artery, and on the pulmonic 
valve. These findings indicated, as in Case 3, that a satisfactory result 
might have followed operation. , 
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DISCUSSION 


DR. JOHN W. STRIEDER, Boston.—Dr. Touroff deserves our sincere admira- 
tion and congratulation for his epochal paper, because, if he has cured a patient 
of subacute bacterial endarteritis after ligation of the patent ductus, and it seems 
that he definitely has, another milestone has been passed in thoracic surgery. 

I think it was Dr. Beaver who said, ‘‘God deliver me from a man who has had 
one case!’’ Although I appear in the role of a man who once had a ease, Dr. 
Graybiel my colleague, and I have continued our interest in the subject, and it is 
in the light of this interest that I would like to make a few remarks. 


Much hope has been placed in chemotherapy in subacute bacterial endocarditis 
and endarteritis, but as a result of the experience of the cardiac clinic of the 
Massachusetts General Hospital, where massive doses of arsphenamine, among: other 
drugs, have been given, Dr. Graybiel feels that the present status of chemotherapy is, 
to say the least, doubtful. 


Capps, in 1939, reviewing a previously reported series of cases treated with 
sodium cacodylate, states that he has had no cures since about 1924., He believes 
this is due to the variability of the virulence of the infecting organism, and that 
his earlier cases may have been caused, endemically, by an organism sensitive to 
the drug and not since encountered. This view has been taken by other clinicians, 
and, of course, it is well known that the green streptococcus has been recovered 
from the blood stream in as high as 13 per cent of the patients with only apical 
dental infections and no clinical evidence of sepsis. 

_ It would seem, therefore, that when a patent ductus is to be, or has been, ligated 
in the presence of a subacute bacterial infection, chemotherapy should be instituted 
preoperatively and postoperatively in the hope that a strain of the streptococcus 
amenable to the drug is the invader. 

We believe that if the embolic phenomena are largely evident in the pulmonary 
cireuit, an attempt should be made to ligate the patent ductus. This was the 
situation in our case. If the phenomena are generalized and extensive, probably 
operation will be of no avail. 

The ideal cireumstance is, of course, that in which the vegetations are confined 
entirely to the ductus. If, in a patient with patent ductus, symptoms suggesting 
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the onset of endarteritis supervene, even without bacteriemia, the operation should 
be undertaken as soon as other simulating lesions, as rheumatic endocarditis, can 
be ruled out. This, of course, may often be difficult, but according to Keefer, baec- 
teriemia is not necessary to make the diagnosis. Our entire attitude with regard to 
the elective ligation of the patent ductus may undergo a change if a patient who 
has had this operation performed later develops subacute bacterial endarteritis. 


As regards actual technique, much work remains to be done in order to develop 
a method whereby the patent ductus in any patient can be safely ligated and 
divided or ablated. It would be particularly valuable if, in any early case of sub- 
acute bacterial endarteritis superimposed upon a patent ductus, the immediately 
adjacent zones in the aorta and pulmonary artery could be obliterated or excised 
in order to remove from contact with the circulation any vegetations which have 
extended beyond the ductus. Of course, it would be highly desirable for us to 
have some inkling as to the length of the ductus before operating. It is possible, 
I believe, that anthropometric studies might be made which would give us some 
hint preoperatively. 

With improved mechanical aids to pulmonary ventilation and oxygenation of the 
peripheral blood, it is now within the realm of possibility that one may compress 
the pulmonary artery, as in the Trendelenburg operation, open it, and treat the 
vegetations. 

Finally, a word about approach. In our case, I used an anterior mediastinotomy, 
through a modified Delorme incision, without opening the pleural cavity. This 
gave an adequate exposure and has the advantage I believe, of sparing a desper- 
ately ill patient the additional load of open pneumothorax, no matter how slight 
such a burden may be. 

Again I would like to congratulate Dr. Touroff on his very able presentation. 


DR. CLAUDE 8S. BECK, CLeveLANp.—I do not know that I am entitled to 
discuss this presentation, because as yet I have not had the opportunity to ligate 
the patent ductus arteriosus. For many years I have been interested in this opera- 
tion. 

I think Dr. Touroff should be congratulated on this heroic piece of work. It 
is fortunate that it was the first case of a series which was successful, because this 
one successful achievement is justification for further attempts. 


It seems to me that a new field for surgical endeavor has been opened up by 
this successful operation. I feel that further attempts should be carried out on 
these patients, even though they do have a blood stream infection. 


DR. FRANK 8. DOLLEY, Los AnceLes.—My feeling of relief upon hearing 
Dr. Touroff’s report is engendered by the fact that Dr. Jones and I have several 
times been asked to ligate ducts after subacute bacterial endocarditis has been 
well established diagnostically. We have refused in every case, and although we 
have felt our decision justified, yet we could not entirely dispel the thought that 
ligation, despite its theoretical contraindication, might have proved beneficial, even 
though not curative. We shall profit by Dr. Touroff’s ultimate results. 

Yet, certainly some degree of hesitancy in duct ligation when bacterial en- 
darteritis or endocarditis exists is advisable. If, following ligation, the patient suc- 
cumbs, not because of the operation but in spite of it, parents whose child with 
a patent ductus seemed perfectly well will be likely to hold the operation and not 
the disease responsible for death. Nine of our children appeared to their parents 
normal and healthy. It is doubtful, had a fatality occurred, if all of them would 
have consented to surgery that is still both somewhat hazardous and experimental. 
It was only by assuring them that the dangers of chronie congestive heart failure 
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and bacterial endocarditis were greater than the probably preventive operation 
itself that consent for surgical ligation was obtained. 

Examination of hearts in which the ductus arteriosus remained patent and bdc- 
terial endocarditis caused death disclosed uniformly extensive involvement of the 
pulmonary conus. The back flow of blood through the duct constantly striking 
the conus eventually roughens the intima; circulating bacteria are enable: to cling 
here, multiply, produce vegetations and, well established, to serve as a material 
source of daughter fragments that, dispersed throughout the body, lead eventually 
to death. Despite Dr. Touroff’s striking results and apparent cure in one case, 
I find it impossible to convince myself that ligation of the duct after vegetations 
have once developed in the conus can materially affect the course of the inflammatory 
disease. 

On the other hand, and herein I believe exists the important contribution of 
Dr. Touroff’s work, it is entirely conceivable that early in the course of the disease, 
even though circulating bacteria are obtained from the blood stream, actual bae- 
terial attachment to intimal surfaces has not developed. Under such conditions 
prompt ligation is indicated. Even then, if intimal roughening in the conus exists, 
it seems doubtful if smooth healing would oceur in time to prevent bacterial im- 
plantation if they have persisted some time in the blood stream. Yet, I feel that 
in very early cases ligation certainly is indicated, forlorn as I feel the hope for 
arrest would be. It seems more than probable to me that Dr. Touroff’s patient 
who recovered following duct ligation did not actually have endocarditis, but rather 
a persistent bacteriemia. It is entirely possible, however, that ligation averted 
conus involvement. Even if it had no real effect upon that particular blood stream 
infection, its ligation early in the disease was indicated both for the infection of 
the moment and as an aid in averting implantation on the conus intima. 


DR. TOUROFF.—On Dr. Strieder’s point concerning chemotherapy, I think we 
are all in agreement that chemotherapy is highly desirable, not only postoperatively 
hut preoperatively as well. The reason it was withheld in the first case was to 
observe the effect of operation alone on the clinical course of the patient. 

Dr. Beck said that he was glad that the first case was successful because it 
served to stimulate us to operate upon other cases. I am inclined to agree with 
him, but I know that I would have made other attempts even if the first case had 
not turned out well. We must remember that we are dealing with a condition 
which is almost invariably fatal, and there seems to be very little to lose and 
everything to gain by attempting surgery. Furthermore, we shall not find out 
whether we can accomplish anything unless we give the procedure a very thorough 
trial. 

In regard to Dr. Dolley’s discussion, I would like to tell you very briefly about 
one of our patients upon whom we did not operate. This was a 6-year-old child 
who had been under observation in a cardiac clinic since infancy and had progressed 
reasonably well until infection supervened. Operation was proposed but was delayed 
until the child’s condition became so precarious that surgery was out of the question. 
The child has since died, and I do not know whether anything could have been 
accomplished by surgery in this case, even if operation had been performed when 
first proposed. I am sorry, however, that I could not make the attempt. Finally, 
I should like to emphasize that, in our desire not to damage the standing of the 
procedure, we would not withhold the last possible hope of relief which such patients 
have. 

In regard to the length of the ductus in the four operative cases, in three the 
ductus seemed to be of sufficient length to permit division and double ligation. 
This was actually accomplished only in Case 1. 
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Does ligation, division, or excision of the patent ductus protect the patient 
from subsequent bacterial endarteritis? At the present time we do not know, and, 
therefore, it will be extremely important to continue to observe Case 1. It is also 
essential to keep under very close observation all patients who have been operated 
upon for uninfected patent ductus, in order to note whether they subsequently de- 
velop infection. For, if the patients who are operated upon do not develop sub- 
acute bacterial endarteritis subsequently, or if the incidence of such infection is 
lower in the operated as compared with the unoperated group, then we would have a 
valid reason for subjecting all patients with uninfected patent ductus to operation. 


Addendum: S. 8S. (Case 1) remains in excellent condition thirty-six weeks post- 
operatively. G. F. (Case 2) died about thirty-two weeks postoperatively of sub- 
acute bacterial endocarditis. Permission for post-mortem examination could not 
be obtained. 


INDIVIDUAL LIGATION TECHNIQUE FOR LOWER LOBE 
LOBECTOMY 


Brian Buiapes, M.D., AND (BY INVITATION) Epwarp M. KENT, M.D. 
Sr. Lours, Mo. 


HE advantages of dissection of the pulmonary hilum and separate 

ligation of each anatomic structure when total pneumonectomy is 
performed have been emphasized by Rienhoff,t Mason,? Crafoord,* and 
others. The decrease in the incidence of unsuccessful closure of the 
bronchus and the inevitable severe infections of the pleura accompany- 
ing bronchial fistulas constitutes the most important accomplishment 
of individual ligation technique. The method has not, however, been 
accepted for partial pneumonectomy or lobectomy; mass ligation with 
the aid of a tourniquet is employed most frequently. Although infec- 
tions of the pleura are not as disastrous following lobectomy as when 
an entire lung has been removed, putrid empyemas associated with open 
bronchi account for many of the fatalities following lobectomy. There- 
fore, if individual ligation technique can be employed in lobectomy with 
no more immediate risk than mass ligation with a tourniquet, it is reason- 
able to assume that it is the preferable type of operation. 

In an effort to determine the feasibility of separate ligation of each 
anatomic structure when lobectomy is performed, eighty-three lungs 
have been dissected immediately after death to determine the surgical 
anatomy of the pulmonary lobes. Ten patients have had lobectomies 
following a technique based upon our anatomie findings. 

The surgical anatomy of the lower pulmonary lobes will be considered 
in this communication, and the technique employed in ten eases of lower 
lobe lobectomy described. 

The anatomic structures in which the surgeon is most interested when 
contemplating lobectomy by the individual ligation technique are the 
pulmonary artery, the bronchus, and the pulmonary vein. The anatomy 
of these structures was probably best defined by Ewart‘ in a monograph 
published more than fifty vears ago. Despite the abundance of excellent 
information made available in this communication, it was felt that the 
purely anatomic goal of that author did not fulfill entirely the require- 
ments necessary to establish an understanding of the surgical anatomy. 

The method employed in this study constituted carefully performed 
dissections of the lobe roots of lungs secured by means of mass removal 
of the thoracic contents promptly after death. These fresh specimens 
were found to offer tissue characteristics as nearly identical with those 


From the Chest Service of Barnes Hospital and the Department of Su - 
ington University School of Medicine. 


Read before the Twenty-third Annual Meeting of- the American Associati 
Thoracic Surgery, at Cleveland, Ohio, July 6, 7, and 8, 1940. iat 


84 


| 


BLADES AND KENT: INDIVIDUAL LIGATION TECHNIQUE 85 


encountered in living patients as it is possible to achieve. The use of em- 
balmed cadavers was proved virtually worthless for this particular en- 
deavor and was, therefore, entirely abandoned. In performing the dis- 
section, an effort was made to keep constantly in mind the surgical na- 
ture of the problem at hand, and, as a result, a surgical approach was 
maintained. There is no denying, however, the infinite difference be- 
tween working upon the organs of the dead as compared with operating 
upon a patient. The principal inequity is that dissections upon speci- 
mens are found to be more radical and more complete than it is safe to 
attempt at operation. 

When the dissections were performed, studies were made of the ana- 
tomic characteristics of the complete hilum, the roots of all lobes, the 
state of the fissures present, and all similar surgically important fea- 
tures. In this communication, however, it is intended to present only 
the information gained regarding the lower lobes. 

The first move was the establishment of the interlobar fissures so that 
the lobe to be attacked could be isolated. The inconstant nature of these 
fissures has long been known, and it may be of interest to recount here 
the information made available in this study. Just what constitutes a 
complete interlobar fissure is more or less an arbitrary matter. For 
statistical purposes we have placed fissures in three groups, namely, 
complete, incomplete, and absent. A truly complete fissure does not 
exist since there is always confluence of the pulmonary tissue of all 
lobes immediately surrounding the main stem bronchus; however, we 
choose to classify those showing no more than this degree of anatomic 
unity as being complete fissures. Those demonstrating greater in- 
adequacy were classified as incomplete, and instances in which no fissures 
were present were placed in the ‘‘absent fissure’’ group. With respect to 
the lower lobes, it is of interest to note that no instance of absent fissure 
was encountered, although such a state was rather frequent in the ease 
of the fissure between the middle and upper lobes. It is, we believe, 
important that fissures fused by adhesions not be considered as absent 
or incomplete solely on this basis since there are very definite surgical 
distinctions between such fissures and truly incomplete or absent fissures. 
In the ease of the fissure between the left lower and upper lobes, inecom- 
pleteness was observed in 29.3 per cent of specimens; the cleft separating 
the right lower and upper lobes was incomplete in 33.4 per cent of the 
instances, and that between the right lower and middle lobes in 12.5 per 
cent of right lungs examined. 


Once the lobe had been mobilized by the pursuit of the interlobar 
fissures, the dissection of the lobe root was begun. The pulmonary 
artery supplying the lower lobe is comprised of the terminal trunk or 
trunks of the pulmonary artery to the Jung. This vessel is found an- 
terior to the bronchus to the lower lobe. For surgical purposes it is con- 
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Fig. 1.—A, Artery to lower lobe; DLA, artery to superior division of lower lobe; 
LLB, right lower lobe bronchus; ML, right middle lobe; UL, right upper lobe; LL, 
right lower lobe. 


Fig. 2.—A, Main trunk of pulmonary artery to lower lobe; DLA, separate artery to 
superior division of lower lobe. 
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sidered an objective of ligation at any point below the level of the branch 
or branches to the middle lobe. In the majority of instances a single 
trunk is found (Fig. 1) which is adaptable to ligation and division. 
This trunk eventually divides to provide the numerous ramifications re- 
quired to supply the complex structure of the lobe, and occasionally 
this division will be established higher in the course of the arterial trunk 
and farthér from the cone of the lung root than shown in Fig. 1. Under 
such circumstances, it may be necessary to dissect independently and 
to ligate the multiple components encountered. 

Any consideration of the lower lobes must recognize the presence of 
what may be ealled a lobe within a lobe. The superior division of the 
lower lobe of either lung is such a definite and constant structure that it 
has been interpreted as a separate lobe by Nelson® and is commonly 
ealled the dorsal lobe. This portion of the lower lobe possesses a very 
definite arterial and venous channel and a characteristic major ram- 
ification of the bronchus. The artery to this area is as shown in 
Fig. 1 (DLA). When marked divergence from the usual anatomic pat- 
tern is seen, it is commonly most anomalous in the structures of the 
superior division. Fig. 2 is a demonstration of the independent char- 
acter which may be assumed by the artery supplying the superior 
division of the lower lobe (DLA). In this instance it is clearly shown 
to arise as an entirely individual tributary of the main pulmonary artery 
(A) at a level high above that usually encountered (actually above the 
branches to the middle lobe). It is, however, perfectly adaptable to 
ligation and division, as is the main trunk (A) shown in Fig. 2. As a 
word of warning, it may be counselled at this point that marked varia- 
tions in anatomic structure pertaining to the superior division of the 
lower lobe have been found to be confined to instances of incomplete 
fissure between the lower and one or both of the homolateral lobes, as 
the case may be. 

The surgically accessible lengths of the arteries to the lower lobes 
have been found to vary from 1 to 3 em. on the right and from 1 to 4 em. 
on the left side, the average of all the measured lengths being 2 em. on 
both sides (Table I). 

The architecture of any vascular group is subject to considerable 
variation. We have seen upon two oceasions an arterial branch to the 
right upper lobe which sprang from the main trunk at the same low 
level which gave rise to the multiple branches feeding the lower lobe. 
However, these branches were but accessories and could be ligated safely. 
Furthermore, in the presence of a distinctly incomplete fissure, minor 
cross anastomoses of both veins and arteries have been seen from lobe 
to lobe. These, however, are adequately disposed of by the technique 
employed in establishing the interlobar fissure, and it may be stated, we 
believe, that the pulmonary circulation follows a reasonably universal 
pattern from the surgical standpoint. 
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TABLE 


ARTERY VEIN BRONCHUS 
LENGTH 
NO. FOUND NO. FOUND MEASURED 
LENGTH UENGT 
( cM.) IN LOBE waar IN LOBE FROM 
ROOT ROOT ORIGIN MLB TO 
DLB (CM.) 


Right Lower 


Minimum Es 1 1.5 0 
Maximum 4, 4 23 
Average 2. 1 A 0.75 


Left Lower 


Minimum “ 0.5 
Average 1.25 

MLB, middle lobe bronchus ; DLB, bronchus to superior division of lower lobe. 

This table presents a summary of the results of the dissection of eighty-three fresh 
specimens. These dissections were performed for the purpose of establishing the 
surgical anatomy of the roots of the lower lobes. Herein are recorded the maximum, 
the minimum, and the average measurements of the surgically accessible lengths of the 
arteries, the veins, and the bronchi as found in this investigation. In those instances 
in which the point of origin of the bronchus to the superior division of the lower lobe 
was found to be at the same or a higher level than that of the middle lobe, the dis- 
tance has been recorded as 0. When the surgicaJly accessible arterial or venous divi- 
sions to the lower lobes have been found to be multiple, the number encountered has 
been recorded as minimum, maximum, and average. 


A word is required about the general circulation system as it pertains 
to lobectomy. The bronchial arteries are the representatives of the 
systemic arterial supply and are small vessels closely following and in- 


timately associated with the bronchi. They cannot be dissected success- 
fully and ligated in the main; however, they do not present an obstacle 
at operation but are easily secured and ligated when divided. 

Once the blood supply to the lower lobe has been disposed of ade- 
quately, dissection will proceed to the bronchus. It is sometimes more 
difficult to prepare the bronchus for division and closure by virtue of the 
faet that peribronchial lymph nodes are, upon oceasion, very firmly 
adherent to the outside wall of the bronchus. Accidental operative 
injury to the bronchus is extremely infrequent and not likely to produce 
grave results when it does oceur. 

The importance of the bronchus cannot be overestimated in lobectomy, 
for it has been shown repeatedly that any bronchus stump which opens 
postoperatively presents a potentially serious complication. Obturation 
of the bronchus is, therefore, exceedingly important, and an adequate 
closure demands that there be sufficient stump to allow a meticulous 
repair. The bronchus to the right lower lobe is, for surgical purposes, 
all of the right main stem bronchus which is distal to the opening of the 
middle lobe bronchus, and it is desirable to divide the bronchus at the 
most favorable point below this level which can be approached. The 
first subdivision of the lower lobe bronchus is the branch to the dorsal 
lobe. Therefore, section of the bronchus would be expected to be per- 
formed best at some point between the level of the middle lobe orifice 
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and that of the bronchus to the dorsal lobe or superior division of the 
lower lobe (Fig. 3). This is the line of endeavor always, but there are 
anatomie factors, especially on the right side, which sometimes render it 
unfeasible. Measurements of the length of this portion of the right 
lower lobe bronchus have yielded infrequently a surgically welcome 
figure of 2 em.; the average, however, was but 0.75 em. Exactly as we 
have observed repeatedly through the bronehoscope, one finds a very 
appreciable number of instances in which the point of origin of the 
dorsal lobe bronchus is either virtually opposite or even above the level 
of the middle lobe bronchus. Fig. 3 demonstrates the somewhat more 


Fig. 3.— LLB, Right lower lobe bronchus; DLB, bronchus to superior division of 
right lower lobe; MLB, bronchus to right middle lobe; V, inferior pulmonary vein 
(right); DLV, vein to superior division of right lower lobe; A, ligated stump of 
ppd cia artery (distal); A’, ligated stump of divided pulmonary artery 
proximal). 


common finding of the dorsal lobe bronchus (DLB) at a point slightly 
more than 1 em. below the middle lobe bronchus (MZB). <A distance 
appreciably less than this makes division of the bronchus at the dotted 
line in Fig. 4 hazardous, if not impossible. One must remember that the 
orifice to the middle lobe bronchus must not be encroached upon if only 
the lower lobe is to be removed: When it is necessary to revise the plan 
for amputation of the bronchus as a result of these considerations, it is 
best to dissect along the bronchus until it is possible to divide the dorsal 
lobe bronchus and the main trunk to the lower lobe at a point distal 
to the bifurcation which yields the dorsal lobe bronchus. This point is 
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clearly demonstrated by the position of the two transfixion ligatures in 
Fig. 4. The bronchus has actually been divided at the dotted line, and 
the stump is shown clearly in Fig. 5. 


4.—LLB, Lower lobe bronchus; DLB, bronchus to superior division of lower 
PS. MLB, middle lobe bronchus. Note relationship of the middle lobe bronchus to 
the bronchus division of the dorsal lobe (superior division lower lobe). 

The dotted line represents the level at which the lower lobe bronchus may be 
divided in the majority of left lower lobectomies and in those right lower lobes which 
have an adequate distance between the points of origin of the bronchus to the middle 
lobe and the bronchus to the superior division of the lower lobe. 


Fig. 6 demonstrates an instance in which the bronchus to the superior 
division of the lower lobe (DZB) arises directly opposite the middle lobe 
bronchus (MLB). It is perfectly obvious in this illustration that the 
dorsal lobe bronchus and the main trunk to the lower lobe (LLB) must 
be divided individually if the patency of the middle lobe bronchus is to 
be preserved. Preoperative bronchoscopy will give the surgeon some 
idea of the position of the dorsal lobe bronchus and will, in a measure, 
afford advance information as to what may be expected of the anatomic 
characteristics of the bronchus to be attacked. The left lower lobe 
bronchus differs from that on the right in that it begins at the point 
of bifureation of the main stem bronchus and in that there is no middle 
lobe bronchus to be considered. The dorsal lobe bronchus is commonly 
farther along the course of the lower lobe bronchus and is never opposite 
the orifice of the upper lobe bronchus as far as we have been able to 
determine by dissection or by bronchoscopic examination. Measure- 
ments of the distance between the bifureation and the dorsal lobe 
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Fig. 5.—V, Inferior pulmonary vein; DLV, vein to superior division of lower lobe; 
MLB, middle lobe bronchus; LLB, stump of divided lower lobe bronchus. 


Fig. 6.—LLB, Lower lobe bronchus; DLB, bronchus to superior division of lower 
lobe arising, in this instance, from the main stem bronchus directly opposite the point 
of origin of the middle lobe bronchus (MLB); A, distal stump of divided pulmonary 
artery to lower lobe; A’, proximal stump of divided pulmonary artery to lower lobe. 
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bronchus on the left have varied from 0.5 to 2 em., and the average 
distance has been 1.25 em. It has been found that separate division of 
the dorsal lobe bronchus and the main trunk of the lower lobe is much 
less likely to be indicated on the left side. 


_ Fig. 7.—V, Inferior pulmonary vein; DLV, vein to superior division of lower lobe, 
in this instance an independent tributary not emptying into the inferior pulmonary 
vein; LLB, distal stump of divided lower lobe bronchus; LLB’, proximal stump of 
divided lower lobe bronchus. 


The final major structures to be dissected out are the inferior pul- 
monary veins. These veins are situated somewhat posterior and just 
inferior to the bronchus (Fig. 5). The inferior pulmonary veins empty 
directly into the left auricle, usually via a single trunk. Several 
tributaries from the lower lobes unite to form the inferior pulmonary 
vein, as can be seen in Fig. 5. It is apparent in the photograph that 
a prominent member of this group of tributaries is the vein from the 
superior division of the lower lobe (DLV). We have observed that, on 
the right side, the stump of the inferior pulmonary vein is frequently 
exceedingly short, so that the multiple tributaries from the lower lobe 
empty, for practical purposes, directly into the auricle. When this 
distribution is encountered, the complete group of tributaries may be 
identified and ligated as a unit. On the left side the inferior pulmonary 
vein trunk is commonly rather longer than on the right and nearly al- 
ways may be managed as a single vein. Since the inferior pulmonary 
veins are situated in close proximity to the hilar margin of the inferior 
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pulmonary ligament, a tributary of the venous axis often traverses the 
pulmonary ligament rather close to the hilar limit of the structure. This 
vein is, therefore, frequently encountered during division of the liga- 
ment, a primary maneuver in developing the identity of the lobe root. 

Just as has been shown to be the ease with the bronchus and the 
arteries, the principal, grossly altered vein pattern is one demonstrating 
an independent tributary to the superior division of the lower lobe. 
Fig. 7 illustrates an excellent example of this anatomic characteristic, 
and here the vein to the dorsal lobe (DLV) empties, not into the inferior 
pulmonary vein trunk, but directly into the auricle at a considerably 
higher level. In such instances the vein requires individual disposal. 
The walls of the pulmonary veins are more vulnerable to accidental 
injury than are those of the artery. Care must be enlisted in handling 
these structures, since a break in the wall of a tributary of this system 
vields the most direct avenue for the occurrence of an air embolus. 

As has been shown in Table I, the surgically accessible veins to the 
lower lobes have been found to vary in length from 1.5 to 3 em., with 
an average length of approximately 2 em. When the main trunk of the 
inferior pulmonary vein was not surgically available, the number of 
tributaries requiring ligation ranged as high as four. 


TECHNIQUE 


A posterolateral incision from about the level of the fourth thoracie vertebra 
to the midaxillary line has been employed in all cases (Fig. 8). When histories of 
previous operations for empyema or pulmonary abscess indicated that the under- 
lying lung was firmly fixed to the chest wall, the incisic was carried farther an- 
teriorly to facilitate wider exposure. 


Fig. 8.—Photographs of patient three weeks after lobectomy. 


The muscles of the chest wall are incised, with the exception of the erector 
spinae group, which is retracted mesially. Whether several ribs are divided near 
their posterior attachments, or whether the entire length of one rib is resected to 
effect entry into the pleara, is not a matter of great importance. The resection 
of the entire length of a rib, however, will afford slightly better exposure in dif- 
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ficult cases. It is important that the incision through the pleura not be too low - 
when individual ligation of the structures at the root of the lower lobe is con- 
templated. Excision of the sixth rib or division of the sixth and seventh ribs 
usually provides the most satisfactory exposure of the hilum of the lower lobe. 
Unusually dense diaphragmatic adhesions may necessitate division of the eighth rib. 
After existing adhesions between the lung, chest wall, and diaphragm have been 
severed, the pulmonary ligament is divided between clamps and ligated with fine 
silk or triple 0 catgut. At first glance the divisions between pulmonary lobes may 
seem incomplete, but careful inspection and gentle extension of the line of cleavage 
are often rewarded by the development of rather complete interlobar fissures. It 
is, however, sometimes necessary to divide pulmonary tissue between clamps to ob- 
tain a small pedicle at the root of the lobe. In our opinion, it is preferable to 
incise the lung along the line of the fissure and secure the cut edges with sutures 
rather than to risk tearing the tissue by vigorous blunt dissection. The lobes of the 
right lung are frequently incompletely delineated, particularly the boundaries of the 
right middle lobe. Another common and important site of incomplete lobar division 
is between the dorsal segment of the lower lobe and the corresponding upper lobe. 


LIGATION OF PULMONARY ARTERY TO LOWER LOBE 


The pulmonary artery supplying the lower lobe is the most accessible and least 
difficult structure to identify. Its ligation is, therefore, the first step of the dissec- 
tion at the root of the lobe. The artery is usually visible just beneath the visceral 
pleura in the hilum of the lower lobe when the mediastinal surface of the lower 
lobe is retracted toward the posterior chest wall. An ordinary Kelly clamp may be 
employed as a dissecting instrument to remove the pleura and free a sufficient 
length of the vessel for ligation. The necessity of identifying the artery to the 
superior division of the lower lobe has been emphasized in discussing the surgical 
anatomy of the lower lobe. The practical application of this precaution is not 
difficult. The vessel to the superior division of the lower lobe is easily recognized 
and should be located before the main trunk of the pulmonary artery is divided. 
In the majority of instances, ligation of the main trunk will include the artery 
to the dorsal division (Fig. 1). If, however, a separate branch is found, two liga- 
tions will be necessary (Fig. 2). Occasionally, a branch of the arterial axis to the 
lower lobe which runs to the upper lobe from a point well out in the lobe root is 
encountered. Ligation of this branch may be necessary to free the lower lobe. 
There is no danger of ischemia of the upper lobe when this vessel is interrupted. 
Conservation of a relatively long proximal stump when the artery is divided is 
important to guarantee secure ligation of the vessel. This is accomplished by 
passing a ligature underneath the vessel and tying as near to the mediastinum as 
possible. In placing the artery forceps on the distal portion of the vessel, a small 
bite of lung tissue is included in the clamp. The artery is cut on the distal clamp, 
leaving a relatively long proximal segment. The once-ligated proximal stump is 
seized with.a hemostat, and a second ligature is applied. The short distal portion 
of the vessel is secured with a transfixion suture, including a good-sized bite of lung 
tissue. This step is important because an ordinary tie will often slip off the short 
stump and cause troublesome hemorrhage. Ligation of each vessel should be per- 
formed immediately after its division and the hemostat removed. The fragility 
of the pulmonary vessels makes it dangerous to allow clamps to remain on either 
the pulmonary artery or vein longer than necessary. 


Enlarged lymph nodes overlying the lower lobe bronchus may interfere with 
the dissection of the underlying structures. It has been our custom to excise any 
lymph nodes which prevent adequate exposure. Churehillé has called attention to 
one of his cases in which a lymph node in the folds of the pulmonary ligament was 
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removed. Following operation, the patient developed a severe streptococcus em- 
pyema. The complication suggested to Churchill that the experience of Auchincloss, 
in which excision of a mesenteric lymph node was followed by a streptococcus 
peritonitis, although the bacterial studies of the lymph node were negative, might 
be paralleled in the chest. Our observations, however, have not suggested that 
excision of the lymph nodes has had any influence on postoperative complications. 


LIGATION OF PULMONARY VEINS TO LOWER LOBES 


The actual division of the pulmonary vein or veins is accomplished by the same 
technique employed when the artery is secured. The veins are not, however, as 
accessible as the arteries, and frequently the line of cleavage between bronchus and 
vein is obliterated by adhesions. This difficulty may be overcome by inserting an 
instrument close to the inferior wall of the bronchus, with its tip pointed posteriorly. 
Blunt dissection along this plane will separate the bronchus from the vein (Fig. 3). 

Observations at the operating table correspond with our anatomic studies and 
have established the differences in the surgical anatomy of the right and left pul- 
monary vein. When the right lower lobe is removed, it is occasionally impractical to 
carry the dissection sufficiently far into the mediastinum to seize the single pul- 
monary vein supplying the lobe. The accessible portion of the vein on the right is 
at a point where bifurcation into two to four tributaries ordinarily occurs. The 
walls of these vessels are fragile, and it may be too dangerous to separately ligate 
the tributaries. It is possible, however, to pass an instrument underneath the 
vessels and to place one ligature around all of the divisions. Particular care must 
be exercised in identifying the tributary of the pulmonary vein which lies next to 
the hilum of the lower lobe in the superior portion of the pulmonary ligament. This 
vessel is a constant one and may be confused with fibrous tissue when dense 
pleural adhesions are present. 

The pulmonary vein of the left lower lobe is of adequate length in the majority 
of instances to allow ligation of its main trunk, although occasionally multiple 
tributaries which necessitate a mass ligation will be encountered. 


LIGATION OF LOWER LOBE BRONCHUS 


The anatomic pattern of the lower lobe bronchus can be predicted in most in- 
stances by the configuration of the pulmonary artery. If separate ligation of the 
artery to the superior division of the lower lobe has been necessary, individual treat- 
ment of the corresponding bronchus is usually required (Figs. 2 and 6). The 
middle lobe bronchus and dorsal lobe bronchus of the right lower lobe originate at 
approximately the same level. The danger of partially constricting the middle lobe 
bronchus when the divided lower lobe bronchus is repaired is illustrated in Fig. 4. 
Adequate exposure of the lower lobe bronchus will establish the proper level for 
amputation. If separate ligation of the dorsal segment bronchus is necessary, the 
technical difficulties are not materially increased. The left lower lobe bronchus is 
more accessible, and separate ligation of the dorsal division bronchus is rarely re- 
quired. It is important, however, that both branches be identified before the lobe 
is amputated. 


Before the bronchus is divided, the adjacent pleura is protected with moist sponges, 
and as the lobe is attached only by the bronchus, the actual amputation can be 
effected between two Kelly clamps and the proximal stump carbolized immediately. 
Fresh gauze packs are placed about the severed bronchus before the repair is 
started. Two transfixion sutures of No. 1 chromic catgut or D silk are placed 
through the bronchial wall, and the proximal clamp is removed. These sutures are 
employed as retractors during the subsequent repair of the bronchus. When the 
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clamp is removed, the bronchial stump is secured with mattress sutures of D silk. 
It is important that deep bites be taken through the bronchial wall when the silk 
sutures are placed. If it is possible, the stump of the bronchus is covered with 
mediastinal pleura. 


When the wound is closed, the ribs are approximated by perichondrial sutures and 
the intercostal muscles closed with interrupted sutures. No effort is made to restore 
the pleura as a separate layer. If a rib has not been resected, but several ribs 
have been divided near their posterior attachments, drill holes are made through 
the rib ends, and sutures are placed into the holes and tied to bring the cut ends 
together. The muscles of the chest wall are reconstructed in layers, and the skin 
is closed without drainage. Two intercostal catheters are inserted through separate 
stab wounds, one in the anterior axillary‘line, the other in the posterior axillary 
line, in dependent positions. The cathetérs'are connected to a suction apparatus as 
soon as the patient returns to his bed. 


RESULTS 


The relative immediate dangers of individual ligation versus mass liga- 
tion cannot be established by a series of ten cases. It is noteworthy, 
however, that in no instance did hemorrhage result from manipulation 
of the vessels during the dissection; moreover, there was no indication 
that the necessary prolongation of operating time was deleterious. It 
would seem reasonable, therefore, to recommend further trial of in- 
dividual ligation technique if the purposes of the dissection, namely, 
higher incidence of permanent closure of the bronchus and prevention 
of serious empyemas, have been accomplished. 


The results in each case subjected to operation are shown in Table II, 
but the following facts are worthy of emphasis. Four patients did not 
have postoperative empyema; straw-colored fluid drained from the 
catheters until the space between lung and chest wall was obliterated. 
Six patients developed empyemas, but not of the putrid variety. They 
were not seriously ill and did not require secondary drainage by rib 
resection; moreover, their period of hospitalization was not appreciably 
increased. In exactly half of the group, it was possible to demonstrate 
a leak in the bronchus from two to three weeks after operation. It is 
important to note, however, that the bronchial fistulas could be detected 
only by irrigating the empyema eavity with saline solution. The fistulas 
were not large enough to cause exchange of air through the thoracostomy 
tubes, and in all instances they closed within three weeks. Three pa- 
tients in whom bronchial fistulas were demonstrated had required, in 
addition to lower lobectomy, amputation of the lingula of the left upper 
lobe or right middle lobe resection. 

A technique similar to that advocated by Churchill and Belsey* was 
employed for lingulectomy. The middle lobe resection was accomplished 
between clamps. Our anatomic studies suggest that, of all pulmonary 
lobes, the middle lobe is the most adaptable to the individual ligation 
technique. The frequency of bilobar distribution of bronchiectasis has 
stimulated us to study the anatomic feasibility of applying individual 


: \ 
4 
{ 
. 


BLADES AND KENT: INDIVIDUAL LIGATION TECHNIQUE 


TABLE IT 


RESULTS IN TEN CASES IN WHICH INDIVIDUAL LIGATION TECHNIQUE WAS EMPLOYED 
FoR LOWER LOBE LOBECTOMY (NO DEATHS) 


CASE 


LOBES REMOVED 


INDICATION FOR 
LOBECTOMY 


POST- 


OPERA- 


TIVE 


EMPY- 


EMA 


DEMON- 
STRABLE 
BRONCHIAL 
FISTULA 
AFTER 
OPERATION 


POSTOP- 
ERATIVE 
HOSPI- 
TALIZA- 
TION 
(DAYS) 


Right middle 
and lower 
Left lower and 
lingula of 
left upper 
Left lower and 
lingula of 
left upper 
Right lower 
Right lower 


Left lower 


Right lower 
Left lower 
Left lower 
Right lower 


Bronchiectasis 


Bronchiectasis 


Bronchiectasis 


Bronchiectasis 
Mixed tumor 
of bronchus 
Bilateral 
bronchiectasis 
Bronchiectasis 
Bronchiectasis 
Bronchiectasis 
Bronchiectasis 


No 
No 
Yes 
Yes 


Yes 


Yes 


Average 


Case 8 had been operated upon for empyema several years before lobectomy was 
performed. In Case 7, lobectomy was performed for residual bronchiectasis following 
surgical drainage of a lung abscess. 


Eight lower lobe lobectomies not included in Table II have been performed by liga- 
tion technique. In six patients the operation was for bronchiectasis, in one for chronic 
lung abscess, and in one lobectomy was necessary to remove a staple which was in the 
right lower lobe bronchus and could not be removed through the bronchoscope. In the 
total of eighteen cases, there was one death from brain abscess in a patient operated 
upon for bronchiectasis. The incidence of postoperative empyema was exactly 50 per 
cent. Hospitalization, except for the fatal case, was approximately four weeks. 


ligation technique to instances of right middle and lower lobe resection 
and to the combination of lingulectomy and lower lobectomy on the left. 
The results of these studies will be reported in the future. 

Particular attention is directed to Cases 7 and 8. Extremely dense 
adhesions between the lung, chest wall, and mediastinum had resulted 
from previous operations in the chest. This situation, however, did not 
prevent dissection and ligation of the structures at the root of the lobe. 
In neither ease did the bronchus open nor empyema develop. One pa- 
tient, Case 6, with bilateral bronchiectasis (left lower, right middle, and 
right lower) is included in the series. Symptomatic improvement has 
been so marked following removal of the atelectatie left lower lobe that 
the patient has refused to submit to further surgery. 

Successes in what may be termed, without exaggeration, difficult cases 
make us reluctant to admit that the individual ligation method of lower 
lobe lobectomy will have limited application. There is little question 
that occasions will arise when the premium on rapid removal of the lobe 
will necessitate mass ligation by the tourniquet technique. We feel, 
however, that whenever deliberate operating is compatible with safety, 
separate ligation of each anatomic structure should be attempted. 
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SUMMARY 


A technique involving separate ligation of each anatomic structure 
in the hilum of the lobe is recommended for lower lobe lobectomy. 

The method is based upon investigations of the surgical anatomy of 
the lower lobes and experiences with ten successful cases in which the 
procedure was employed. Important anatomie anomalies which in- 
fluence the surgical technique are discussed. 

A lower incidence of bronchial fistulas and associated putrid empyemas 
is considered the principal advantage of the operation. 

The question of the immediate hazard of the method as compared to 
mass ligation of the lobar hilum cannot be answered without further ex- 
perience, 
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DISCUSSION 


DR. JOHN B. FLICK, PHILADELPHIA.—Great stimulus was given to the practice 
of lobectomy for bronchiectasis by Brunn’s article, ‘‘Surgical Principles Underlying 
One-Stage Lobectomy,’’ which appeared in the literature in 1929. There has been 
little modification of Brunn’s technique until the present time. Prior to 1929, not a 
few men interested in thoracic surgery had become discouraged with the high 
mortality of lobectomy, so other operations, such as Whittemore’s exteriorization of 
the diseased portion of the lung, with subsequent excision of it, Graham’s cautery 
pneumonectomy, and extensive thoracoplasties came to be regarded as safer pro- 
cedures. In the meantime, through the more widespread use of bronchoscopy and 
pheumonograms, an exact diagnosis was made in a greater number of patients and 
our knowledge of the disease increased proportionately. I mention these things 
only because it was at a certain stage in the evolution of the development of our 
knowledge of pulmonary disease that the time was ripe for such refinements in 
technique of lobectomy as Dr. Blades and Dr. Kent have presented today. The 
accomplishment of total pneumonectomy for bronchial growths by individual ligation 
of hilar structures no doubt suggested to the minds of many the possibility of the 
application of the same technique to lobectomy for bronchiectasis, but it remained 
for certain other things to be accomplished before this was undertaken. Early 
diagnosis, a better understanding of the prognosis of bronchiectasis, and a lowered 
mortality of the operation of lobectomy soon brought patients to the surgeon while 
the disease was still limited chiefly to the bronchi. Only then was the time ripe 
for the development of refinements in technique of the operation. 


Dr. Blades and Dr. Kent have made a splendid contribution through their care- 
ful study of the anatomy of the hilar region of the lungs and its application to the 
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technique of lobectomy. They have pointed out the pitfalls, particularly in con- 
nection with removal of the right lower lobe where, without sufficient knowledge 
of the anatomy, the middle lobe bronchus can be occluded inadvertently. They very 
aptly suggest that preoperative bronchoscopy will give the surgeon some idea of the 
location of the dorsal lobe bronchus, and will, in a measure, afford advance informa- 
tion as to what may be expected of the anatomic characteristics of the bronchus to 
be attacked. The advantages of individual ligation technique are obvious. Certainly 
the less devitalized tissue left in situ for the multiplication of bacteria, the less 
likely the development of a putrid empyema. 


My personal experience with the individual ligation technique has been limited 
to two eases, both patients with left lower lobe disease and both operated upon in 
September, 1939. This was after I had heard Crafoord speak of his successes with 
this technique. In the first of these, lobectomy had been attempted almost a year 
previously, with termination of the operation after division of adhesions because 
of development of shock. At the subsequent operation, the adhesions were not nearly 
so dense. The veins were ligated first, then the artery, and finally two bronchi. 
I presume they were the dorsal lobe bronchus and the main trunk of the lower lobe. 
In this case it was not feasible to cover the bronchial stumps and vessels with pleura. 
An empyema developed, but was not putrid, and was drained eleven days after 
lobectomy. 


Similar technique was used with the second patient, except that a ligature was 
placed proximal to the dorsal lobe bronchus and it was possible to close the medi- 
astinal pleura over the stumps of the vessels and the bronchus. Personally, I feel 
that closure of the mediastinal pleura will be found to be an important step in the 
technique of lobectomy, just as we have found it to be in total pneumonectomy. 
Covering over the stumps with viable, healthy tissue will, I believe, lessen the in- 
cidence’ of bronchial fistulas and of empyemas. This patient did not develop an 
empyema. In both cases chromic catgut was used for ligation of the vessels, and 
the bronchi were occluded with single ligatures of silk. Both patients received 
sulfanilamide orally the day preceding operation, and sulfanilamide crystals were 
placed in and about the cut end of the bronchi and spilled in the pleural cavity 
before closure of the wounds. Closed drainage was established by means of a 
catheter. I have attempted lobectomy by the individual ligation technique in other 
cases, but have failed because of technical difficulties and have had to revert to the 
use of the Brunn-Shenstone type of procedure. 


I wish to congratulate Dr. Blades and Dr. Kent on the accomplishment of this 
very important piece of work which they have just presented. 


DR. E. F. BUTLER, ITHAca.—I wish to congratulate Dr. Blades and Dr. Kent. 
During the last year and a half I have operated upon eight patients by the individual 
ligation technique. <A total of ten lobes, including one right upper lobe and two 
right middle lobes, have been removed. It was easy and feasible to apply the in- 
dividual ligation technique to the right upper lobe through a posterior approach. In 
that particular case, there was no bronchial fistula, no secondary hemorrhage, no 
empyema. The patient’s lower lobe aerated well, but did not expand sufficiently 
to fill the entire hemithorax. The residual clean dead space was obliterated by a 
three-rib thoracoplasty. 


In general, in the eight cases with a total of ten lobes, there was no mortality; 
empyema occurred three times. Twice two lobes were removed, and once there was 
hemorrhage from traumatized lung tissue which required a secondary operation to 
control. In two instances dense adhesions necessitated a two-stage procedure, but 
it was possible at the second stage to isolate the anatomic structures. 


These lobectomies have had airtight drainage and gentle suction. In one case 
it was possible to discontinue the drainage, remove the tube, and treat the patient 


100 THE JOURNAL OF THORACIC SURGERY 


as a closed, clean case at the end of forty-eight hours. That seems a great step 
forward in comparison with long-continued drainage in some of the earlier types of 
lobectomy. 

After our sober talks at last night’s banquet, we might venture the thought that 
in ‘‘the coming emergency’’ there will be a wider application of lobectomy and 
pneumonectomy for thoracie wounds with extensive lung trauma. In all probability, 
recovery following clean lobectomies and pneumonectomies will be much more rapid 
than the tedious convalescence of twenty-five years ago, when long-continued 
empyema was the characteristic sequel to most thoracic wounds. 


DR. HAROLD BRUNN, San Franctsco.—This paper is a very timely one and 
will be a great help to all of us when attempting the individual ligation technique 
for lobectomy. I am glad that Dr. Blades and Dr. Kent are continuing their studies 
on the upper lobes. Since Rienhoff’s article on pneumonectomy with individual 
ligation of the vessels, I think that most of us have adopted this procedure more 
frequently than had been our custom. 

The operation for individual ligation of the vessels for lower lobe lobectomy is 
somewhat more time-consuming and more difficult to accomplish than it is with 
the Shenstone snare; therefore, the election of this method will depend entirely 
upon the condition of the patient and the amount of surgery required to develop 
the pedicle. If the patient’s condition is already poor and there has been some 
loss of blood and some difficulty in removing adhesions to the diaphragm and _peri- 
cardium, the Shenstone snare is the simpler and more easily performed operation. 
On the other hand, in a number of cases, both for tumors and bronchiectasis, we 
have performed individual ligation, with satisfaction. It makes a cleaner stump, and 
drainage can be omitted frequently. 


In certain conditions, such as adenomas of the bronchus, especially where there 
is a large extrabronchial portion extending along and around the bronchus, individual 
ligation has always been attempted. It may, however, become very difficult to isolate 
the vessels where the tumor passes into the mediastinum. The length of the vessels 
may also become so shortened that ligation becomes hazardous. In two of our 
cases, portions of the extrabronchial tumor had to be left in the stump. So far, 
this has produced no serious difficulty. 

I am sure that this paper, which so clearly gives the anatomy of the region 
and the variations of the vessels and bronchi in the lower lobe, will make the opera- 
tion easier to perform and increasingly commendable as a routine procedure. 


DR. J. A. MOORE, ASHEVILLE, N. C.—Because the standard anatomies do not 
describe any accessory blood supplies to the lung, I would like to put this case on 
record, Last fall, in performing a lobectomy for an infected cyst of the lower lobe 
of the lung, which was very densely adherent, I discovered an artery that came 
off from the aorta 1 inch above the diaphragm, going directly to the lung. It was 
rather disconcerting for a while because that vessel was not supposed to be there, but 
I know it was an artery because, in ligating it, the ligature slipped. Fortunately, 
we caught it and it did not result in fatal hemorrhage. In no article on lobectomy 
or in standard anatomy has any such vessel been described. 


I mentioned it because I think such a vessel may be present in other patients as 
well, and it is well to look for it. 


DR. R. M. JANES, Toronro.—Mr. Chairman, I rise at the suggestion of Dr. 
Brunn, to emphasize what he has mentioned. My experience in dissection lobectomy 
is confined to one case only, but it was illuminating in relation to tourniquet 
lobectomy. In that particular case it would have been perfectly simple not only 
to encroach upon the middle lobe bronchus, but to encroach upon the upper lobe 
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bronchus, if a tourniquet had been applied with a good deal of traction and deeply 
placed sutures had been inserted subsequently to control the bleeding. 


I was impressed, in operating upon that patient, that it was perhaps almost as 
simple to encroach not only upon the middle, but perhaps upon the upper, lobe 
bronchus as it is to encroach upon a common bile duct by too much traction upon 
the cystic duct in the cholecystectomy. I suspect that the failure of expansion of 
the upper lobe, which has been attributed to other causes, may in certain instances, 
at any rate, be explained in this way. 


DR. BLADES.—First, I wish to thank all of the men who have discussed this 
paper. It is very encouraging to know that you are all having good results with 
individual ligation technique for lobectomy. 

I agree with Dr. Flick that if it is possible to bury the stump of the bronchus by 
covering it with mediastinal pleura, the chances of the bronchus’ leaking are greatly 
reduced. However, in a good many of my own cases, by the time the dissection is 
completed, there is very little mediastinal pleura left, and I have great difficulty 
burying the stump in a satisfactory way. 

Dr. Butler mentioned performing an upper lobe lobectomy by individual liga- 
tion of the bronchus and vessels. We have performed successfully three middle lobe 
lobectomies by individual ligation technique, and our anatomic studies suggest that 
in the middle lobe the position of the vessels and bronchus is such that separate 
ligation will usually be easy. We are now working on the details of the surgical 
anatomy of the upper lobes and hope to report our observations later. 


Dr. Brunn mentioned the difficulties in operating upon patients with adenoma 
or mixed tumor. We have found in our own clinic only two cases in which we 
could perform lobectomy and get above the tumor. Some time ago, Dr. Graham 
was able to remove a mixed tumor involving the right lower lobe bronchus, and to 
get it all out. One of the cases included in the table this morning was a case of 
mixed tumor, or adenoma, as you will, and it was possible in that case to remove 
all the tumor by lower lobe lobectomy. Otherwise, our experiences have been 
exactly those of Dr. Brunn, that the extrabronchial part of the tumor is so extensive 
that we have resorted to pneumonectomy in a number of cases. 


Dr. Brunn asked about adhesions to the upper lobe. We are happy to see the 
right kind of adhesions to the upper lobe, the kind which will hold the lobe out and 
not interfere with the dissection. However, we have not used pleural poudrage; 
I believe the low incidence of empyema, and practically the exclusion of putrid 
empyema, when individual ligation technique is employed, will make us less and less 
inclined to go to the trouble and bother of creating pleural adhesions by two-stage 
operations or pleural poudrage. 

I have never seen the vessel Dr. Moore mentioned, hut because of limited time, 
I did not mention a rather common artery that is encountered, namely, a branch of 
the arterial axis to the upper lobe which may swing down to the lower lobe and may, 
at first glance, be mistaken either for the main pulmonary artery to the lobe or 
perhaps a dorsal lobe division artery. Actually, this artery is of no practical con- 
cern because it is easy to secure, can be ligated, and there is no danger at all of 
embarrassing the blood supply to the upper lobe. 


EXPERIENCES WITH LOBECTOMY AND PNEUMONECTOMY 
IN PULMONARY TUBERCULOSIS 


FRANK S. DoutiEy, M.D., AND JoHN C. Jones, M.D. 
Los ANGELES, CALIF. 


HIS paper is presented with a twofold purpose: (1) to review our 

own ease selections, operative technique, successes, failures, avoidable 
complications, and disasters in the matter of tuberculous lung removal ; 
and (2) to provoke discussion by the members of this Association of their 
results, not only suecesses but failures as well, so that all of us who hear 
or later read may profit. If this most desirable participation develops, 
the combined report will constitute the first reasonably reliable com- 
pendium of surgical criteria to appear in the medical literature concern- 
ing the indications for and the conduction of lobectomy and pneumonec- 
tomy in pulmonary tuberculosis. 


In addition to our more recent cases, the progress of our earlier ones re- 
ported by Dr. Jones in our paper before this Association in 1938 is 
carried up to date in the report that follows. It is of particular interest 
in that the postoperative history extends over a period of more than 
two years. It lends strong support, moreover, to oft-repeated observa- 
tions, which have become almost axiomatic, that the therapeutic value of 
any particular operative procedure against tuberculosis must not be 
judged by the condition of the patients during the first few months sub- 
sequent to their hospital discharge. . 


CASE REPORTS 


Case 1—M. B., 32 years of age, a Mexican gardener, had a right apical cavity, 2 
em. in diameter. Sputum was minimal but was positive for tubercle bacilli. 
Hemoptysis had been frequent for nearly six years, slowly increasing in amount 
even to 600 and 800 c.c. Thoracoplasty was deemed too hazardous either as a 
curative procedure or as a preliminary to lobe removal. The right upper and 
middle lobes were removed in July, 1935. A tourniquet and _ figure-of-eight 
chromic sutures were used. The bronchi in the stump appeared clean. The chest 
was closed without drainage. There was no contralateral spread. No empyema 
developed although the bronchus opened into the pneumothorax space. Eight-rib 
thoracoplasty was performed later for space obliteration. The patient is now well and 
working steadily, nearly five years following lobe removal. 


CASE 2.—L. W., 28 years of age, a housewife, had had active pulmonary tubercu- 
losis for six years. There was marked stenosis of the left main stem bronchus. The 
lung distal to it was extensively tuberculous, and, in addition, there was widespread 
nontuberculous bronchopulmonary suppuration. Without previous thoracoplasty, tour- 
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niquet pneumonectomy was performed. The chest wall was closed with airtight inter- 
costal tube drainage. Later, rib resection was done, and tube drainage was instituted. 
A bronchopleural fistula was present. The patient gained 40 pounds. There was 
profuse discharge through the chest wall sinus, and the fistula persisted. For 
several months improvement was pronounced and was apparent at the time of our 
report; then, probably by aspiration of bacilli-containing material at the site of the 
stump bronchus, an extensive exudative lesion developed in the contralateral lung. 
The open fistula prevented satisfactory elimination. The patient slowly but steadily 
became worse, and a fatal hemorrhage occurred three and one-half years after lung 
removal. A wide-open, inaccessible fistula persisted to her death. 


CASE 3.—E, A., aged 29 years, a schoolteacher, was sick for two years. Extensive 
thoracoplasty was performed. A slitlike, hard-walled cavity remained; no bronchial 
ulceration or stenosis was visualized bronchoscopically. The sputum was scanty but 
positive. The upper lobe was removed. After application of a tourniquet, the 
stump was ligated with a figure-of-eight chromic suture, and separate bronchus 
closure was employed. The wound was packed wide open. The bronchus later opened, 
and then closed after five months. The sinus healed. The patient said she suffered 
less discomfort than she did following first-stage thoracoplasty. Such was her status 
when reported to this Association two years ago. Her improvement has continued, and 
she undertook part-time work, without fatigue. One month ago, however, a concen- 
trated sputum examination showed an occasional bacillus, although there was no 
x-ray evidence of lung reinactivation. She feels well, but is no longer at work. 


CAsE 4.—F. K., aged 49 years, a housewife, had a protracted convalescence with 
persistent harassing cough and weight loss following acute pneumonitis. The sputum 
was mucoid and negative for tubercle bacilli. X-ray examination revealed a mass 
in the lower right lobe. Bronchoscopy disclosed narrowing and immobility in the 
right lower lobe bronchus. Pneumothorax was instituted, following which thoracos- 
copy showed no visceral pleural involvement. A diagnosis of malignancy was 
made. At operation, a solid, oval mass, about 12 em. long, and extending nearly to 
the hilum, was felt in the lung. Pneumonectomy was performed; the vessels were 
separately ligated, and the stump was buried after closure with silk. The chest 
was closed tight, and the bronchus did not leak. The patient was discharged on 
the seventeenth day, although her temperature rose to 99.6° F. daily. Fluid was 
aspirated five days postoperatively; it was serosanguineous and sterile. Persistent 
fever was thought to be caused by absorption of sterile effusion. The neoplasm 
proved to be a tuberculoma. For some time the patient improved, although a 
fever persisted. After many months a small pus-containing pocket was located 
deep to the parietal pleura in the ninth interspace at the posterior axillary line, 
and it was drained. A fever persisted; a sinus which discharged pus developed 
over the third costal cartilage along the course of operative incision. This was 
found to communicate with the posterior pocket. There existed, therefore, a very 
long, narrow sinus traversing the entire chest and, as shown by lipiodol injections, 
extending in its tortuous, many-branched course throughout the hemithorax 
from which the lung had been removed. Both tubercle bacilli and staphylococci 
were identified. Tardily thoracoplasty was begun. The wound, contaminated 
despite our efforts to avoid this, broke down. The patient has never been in 
condition to continue chest wall collapse, and she is slowly becoming more toxic. 
Her course, which was very satisfactory in the earlier months, is terminating 
disastrously. Early thoracoplasty probably would have spared her the serious com- 
plications that supervened. 
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Case 5.—W. M., aged 39 years, a surgeon, showed extensive involvement of the 
right lung, particularly in the upper lobe. The right main stem bronchus was 
almost completely occluded by scar and granulation tissue. There was some ulcera- 
tion at the carina. The course was septic, with wheezing and moderate dyspnea. 
Complete lung removal seemed to be the only course, despite carinal involvement. 
Extensive thoracoplasty with extrafascial apicolysis was performed, and slight im- 
provement followed. Six months later, through an infrascapular incision from spine 
to midaxillary line, the entire lung was removed. The stump was closed en masse 
distal to a tourniquet. The lobe bronchi were filled with pus. The wound was left 
wide open and was packed loosely with gauze saturated with 40 per cent zine peroxide. 
The patient withstood the operation well. Toxemia was only moderate, despite the 
fact that secondarily infected tuberculous tissue was present in the stump. The 
bronchus opened but after several months closed again. The wound slowly decreased 
in size, and somewhat more than a year later it healed. Bronchoscopy three months 
after pneumonectomy disclosed almost complete disappearance of ulceration at the 
carina. It appeared that the patient’s prognosis was comparatively good at the 
time his case was reported. 

Dyspnea has slowly but steadily increased, however, until now, two years later, 
even when the patient is lying quietly in bed, shortness of breath frequently 
develops. Recent bronchoscopic examination revealed ulceration at the mouth 
of the contralateral main bronchus. Some tuberculous disease seems to be present 
in the left upper lobe. There is little likelihood that this man will ever leave 
the sanatorium. 


CasE 6.—A. P., aged 39 years, a housewife, had had tuberculous arrest for fourteen 
years. For the past twelve months she had had septie fever, wheezing, shortness of 


breath, and loss of weight. The right main bronchus was 3 mm. in diameter. The 
patient absolutely refused thoracoplasty, but begged for attempt at lung removal. 
The other lung was clear. By anterolateral approach, pneumonectomy was accom- 
plished; the vessels were ligated separately despite considerable induration about 
them. The bronchus was isolated, divided at the stenotic site, and closed with fine 
silk. No grossly involved tissue other than vessels and bronchial stump remained. 
The lung was so adherent that we resorted to retrograde excision, that is, we freed 
the lung from the chest wall and diaphragm after hilar division. Many areas de- 
prived of parietal pleura remained. The hemithorax was rinsed out with several 
liters of hot saline solution, and airtight tube drainage was instituted. An over- 
whelming pleuritis developed, and, despite all our efforts, the patient died eight days 
postoperatively. At autopsy, besides intense pleuritis throughout the right pleura, 
there was a tuberculous bronchopneumonia in the contralateral lower lobe. A pre- 
liminary thoracoplasty had been advised but was refused. 


CAsE 7.—M. P., aged 37 years, a housewife, had had a four years’ illness. There 
was frequent slight hemoptysis and a daily fever of from 99 to 101° F, There was a 
2 em. eavity in the atelectatic right upper lobe. Sputum was scant but positive. The 
bronchus to the right upper lobe was markedly stenotic and filled with granulation 
tissue. Five-rib thoracoplasty with extrafascial apicolysis was performed. There 
was some general improvement, but fever and occasional blood in mucopurulent 
sputum persisted. Through a curvilinear incision lateral to the pectoralis major and 
under the breast, as for anterolateral thoracoplasty, excellent exposure was obtained. 
The lobe was freed, and a temporary tourniquet was applied. The bronchus was 
dissected down to the tourniquet, divided, closed with fine silk, and buried in the 
stump. The wound, made shallow by thoracoplasty, was left open. Gauze was 
packed tightly to the stump. There was almost no toxemia, and the bronchus did not 
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open. The wound healed in four months, and six months following lobectomy the 
patient was able to take care of her small apartment. 


Of the four patients undergoing pneumonectomies, two are dead and 
two will probably never regain their health. All had early or late con- 
tralateral spread. Three had no chest wall collapse preceding lung re- 
moval. One of these developed a phlegmonous pleuritis in the un- 
collapsed hemithorax that was probably sufficient cause for death had 
there been no involvement of the opposite lower lobe. A second had a 
tortuous, inaccessible, narrow empyema that was divided into pockets by 
organized fibrin network; the empyema could have been eared for easily 
had a preliminary or early thoracoplasty been done. If a thoracoplasty 
had preceded pneumonectomy, in the third case, the patient would have 
had the lung stump and open bronchus sufficiently controlled to have 
avoided, in all probability, the late contralateral spread that resulted in 
her death. The one case in which the patient was prepared for 
pneumonectomy by thoracoplasty was for many months complicated only 
by bronchial ulcerations which had existed before lung removal. Mass 
ligation of the stump, however, was unfortunate. A considerable amount 
of tuberculous tissue remained in it. It is likely that extension took place 
from the stump along the supporting structures of the mediastinal 
organs, leading to widespread indurative mediastinitis. There is no sub- 
stantial evidence, however, that the operative procedure itself con- 
tributed to the progressive mediastinitis since this complication is not 
rare without operation. Yet it is our opinion that all possible lung tissue 
should be removed at the hilum so that the danger of mediastinal in- 
duration may be minimized. 

When dealing with low-grade, nontuberculous, chronic, suppurative 
conditions or with carcinoma, a preliminary thoracoplasty often is un- 
warranted, and, following lung removal, proves unnecessary. When the 
lung is tuberculous, however, except in rare instances, thoracoplastic 
collapse of the chest wall will be required ultimately to obliterate the 
residual dead space. Because eventually such a procedure is regularly 
required, and for the additional cogent reasons which follow, we believe 
that thoracoplasty should precede lung removal: 


1. More often than not the general condition of the patient is improved 
by thoracoplasty. In one instance, a patient with a markedly narrowed 
left main stem bronchus and persistent daily temperature rise was ad- 
vised to have pneumonectomy and agreed to the operation. To our great 
surprise, the preliminary thoracoplasty was followed by normal tem- 
perature and negative sputum. Nearly two years have elapsed, and she 
is working several hours a day. Even though during the surgical chest 
wall collapse the stenotic bronchi become increasingly inadequate, pul- 
monary backup usually can be relieved temporarily by bronchoscopic 
decompression. 
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2. The chest wall is so flattened that a curvilinear incision from spine 
to eartilage is a comparatively short one. Wide-open exposure is accom- 
plished in a few moments through a chest wall already deprived of its 
bony support. Excellent approach to lung and hilum both anteriorly 
and posteriorly is thus obtained. 

3. The distance from axillary rib to hilum is decreased three-fifths, and 
therefore the hilum is remarkably superficialized. 

4. The cross section of parietal pleura is so reduced that its lateral and 
mesial walls often are scarcely more than 10 em. apart at the hilum, and 
there is little more than a slit between them as the apex is approached. 

5. The chest wall may be left wide open without danger of mediastinal 
pendulation or pus retention in fibrin pockets. 

Whether following thoracoplasty there is less danger of retention of 
pus aspirated into the contralateral lung during lobectomy or pneu- 
monectomy, we do not know. Certainly, in our series, no immediate 
spread occurred in any patient who had had a previous thoracoplasty. 
It seems not unlikely that the coughing act, which is so much more pain- 
ful in an intact chest wall than it is after a thoracoplasty has been 
performed, plus the more solid mediastinum that follows thoracoplasty, 
may be appreciably more efficient in clearing the contralateral lung of 
tuberculous material that may have entered during the operative pro- 
cedure. Incontrovertibly, a preliminary thoracoplasty greatly reduces 
the hazard of overwhelming toxemia from postoperative suppurative 
pleuritis. Probably it materially lessens the danger of contralateral in- 
oculation. 

Of the three patients upon whom lobectomies of the right upper lobes 
were performed, two are well and are working. The general condition 
of the third is excellent although her last sputum concentration was posi- 
tive. Toxic fatigue, so often a discouraging symptom with those whose 
extensively necrotic lung has been collapsed but not rendered innocuous 
by thoracoplasty, is notably absent in these people, for their tuberculosis 
is gone with their lobes. In two, thoracoplasty preceded lobectomy ; 
in all there were uncomplicated postoperative courses, and in none was 
there a spread. 

CONCLUSIONS 


The conclusions we have reached, therefore, concerning the operative 
and the immediate postoperative care, based on the results, both good 
and bad, obtained from our own eases of single or multiple tuberculous 
lobe removals, are given below. We reserve the right to change them 
without notice as we hear of your cases and add to our own. We 
advocate : 

1. Preliminary thoracoplasty with extrafascial apicolysis. While 
occasionally the final thoracoplastie stage may be included with the lobe 
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or lung removal, we feel this combined operation is usually inadvisable. 
First, it is an appreciable addition to the physiologic load that the 
patient is compelled to carry. Second, it is distinctly advantageous 
to delay lung removal some weeks, if possible, following the last thoraco- 
plastic episode, not only because the mediastinum becomes more solidly 
braced, but also because it allows time for the parietal pleura, at first 
simply relaxed and redundant with little reduction in area, to contract 
to the limits of the markedly reduced hemithoracie space. 

2. Serial dissection of the hilar structures, if technically possible. 

3. The usual great care in closure and burial of the bronchus. 

4. Immediate open drainage of the pleural cavity which, by virtue of 
extensive thoracoplasty, has become seareely more than a broad slit. 

5. Painstaking removal by catheter suction of all possible infected ma- 
terial from the respiratory tract before the patient leaves the table. 

6. Constant insistence during the early postoperative hours that the 
patient, with his pain controlled by analgesics, cough effectively. 

7. Minimal manipulation and instrumentation of the affected lobe 
or lobes so that purulent material within them may be prevented, as far 
as possible, from soiling the neighboring or contralateral pulmonary 
subdivisions. If the hilum can be made satisfactorily accessible without 
entirely freeing the lung from the chest wall, we deem it safer to ligate at 
once the hilar structures serially, with prompt division and closure of 
the bronchus, or, if serial ligation appears technically too hazardous, 
to apply immediately a tourniquet, rather than to dissect free an 
adherent lung from the chest wall and the mediastinum before the main 
stem bronchus is closed. 

Obviously a tuberculous lung which has been collapsed by thoraco- 
plasty, following which cavities are no longer apparent, and which has 
provided converted sputum and a reasonably high threshold of fatigue 
need not be removed. Fortunately, a very high percentage of cases are 
so arrested. Moreover, it is encouraging to note that this percentage is 
steadily increasing as extrafascial apicolysis, chondrectomies, and local 
compression techniques are being more intelligently employed or not 
employed. Careful selection of cases for extrapleural pneumothorax 
and oleothorax has still further contributed to arrest of tuberculosis in a 
certain small group that offers a particularly uncertain prognosis by 
thoracoplasty. 

It is by the review and study of those patients who are still more or 
less completely disabled following thoracoplasty that we can choose most 
satisfactorily those who should have had, or who may still have advan- 
tageously, lobectomy or pneumonectomy. It is this group of tragically 
unsuccessful results that fosters reluctance and surgical postponement in 
the minds of those to whom major surgical methods have been recom- 
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mended. Tuberculous patients contemplating thoracoplasty are wont 
to assume that it is the operation itself that causes the distressing symp- 
toms that occasionally follow it, not the smouldering necrotie lung with- 
in, absorption from which produces anoxemia and fatigue in direct pro- 
portion to the physical activity of its host. 


In view of the fact that at this time we feel preliminary thoracoplasty 
to be of very considerable importance in tuberculous lung removal, the 
selection of our cases is much simplified. 

If, following thoracoplasty, it becomes apparent that a given patient 
is to remain disabled, if his general condition warrants the surgical 
hazard and the technical difficulties seem not too great, we believe an at- 
tempt to remove the lobes involved is indicated. Although we may sur- 
mise that, when bronchial stenosis is extreme or thick-walled cavities and 
extensive bronchiectasis exist, they may not be cared for adequately by 
extensive chest wall collapse or local compression, yet mindful of the 
hazards of lung removal and the possibly disastrous postoperative 
sequelae, we do not feel justified at this time in resorting to this final 
measure until we are convinced that nothing less radical will succeed. 

In a word then, we are making our final decisions for lung removal 
largely after we have found extensive thoracoplasty to be insufficient. 
Since the end result following thoracoplasty can seldom be known until 
thoracoplasty is tried, it seems to us particularly fortunate that, in our 
opinion, it is the preliminary procedure of choice. 

We are convinced that the removal of tuberculous lobes will become a 
reasonably safe and comparatively common procedure within the next 
few years. Naturally, if the operative risks attain reasonable balance, 
lobe removal will be preferable to extensively necrotic lobe collapse. 
Contralateral spread is our most potential enemy at present. More and 
more potent weapons are being developed to combat it: 

1. Preliminary thoracoplasty. 

2. Immediately preceding excision: (a) Bronchoseopie aspiration 
from involved lobe or lobes when advisable; (b) isolation of unin- 
volved lung by intratracheal tube fitted with an airtight cuff; (c) 
Trendelenburg position. 

3. During operation: (a) Closure of main bronchus at earliest pos- 
sible moment, with minimal disturbance of lung before doing so; 
(b) extreme care in final bronchial closure with either fine silk or 
steel. 

4. Postoperatively, a continuous insistence on cough rendered more 
effective by close attention to the control of pain. 

Contralateral inoculation, however, is still a real foe confronting 
us. We feel that our lung removal attacks should be limited at 
present, therefore, in a great measure to those patients for whom there 
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is no other satisfactory recourse, and then only when both mediastinum 
and chest wall have been stabilized and the residual potential empyema 
space has been minimized. 
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DISCUSSION 


DR. JOHN ALEXANDER, ANN ArsBor, Micu.—The risks to life of total lobec- 
tomy and pneumonectomy in the presence of active pulmonary tuberculosis are being 
recognized increasingly in the light of accumulating experience. Obviously, the risks 
should be accepted only if these operations offer the patient a greater chance of 
living and of becoming well than does any other method of treatment. 


Total pneumonectomy is advocated chiefly for patients with high-grade 
bronchial stricture, atelectasis, fibrosis, and cavitation, on the assumption that 
thoracoplasty cannot further collapse a lung that is already so greatly shrunken. 
Seven or eight years ago I believed that the risk of thoracoplasty in this type of 
case would be great and the chance of cure small, but Dr. Haight and I tried the 
operation for a few patients at their urgent request and, to our surprise and 
delight, these first patients recovered completely. Since then we have continued 
to use thoracoplasty successfully for patients with fibrous bronchial stricture, 
atelectasis, fibrosis, and cavitation, provided that any tuberculous lesions in the 
contralateral lung were controllable and bronchoscopy showed that there were 
no longer progressive ulcerative lesions in the bronchi. Dr. Sommer, Dr. Ehler, 
and I have recently checked the results in the twenty-nine patients operated 
upon in our clinic between 1934 and 1939. Twenty-eight are living and one 
is dead. Eighteen have negative sputum, and eleven have positive sputum; in a 
few of these with positive sputum, the sputum apparently comes from bronchial 
ulcers, as the cavities are believed to be closed. Among the twenty-nine patients, 
fifteen had high-grade bronchial stenosis of from 1 to 3 mm., and fourteen had 
moderate stenosis of from 4 to 6 mm. Although these results seem to us sufti- 
ciently encouraging to justify a continuation of the use of thoracoplasty in this 
group of cases, we recognize the objections that a very complete thoracoplasty in 
both the vertical and horizontal directions is necessary in cases of total atelec- 
tasis; that the bronchial stricture may need to be dilated periodically during and 
after the thoracoplasty; that occasionally a large cavity having a tightly stenosed 
bronchus may need to be directly drained either before, during, or after the com- 
pletion of the thoracoplasty; that varying amounts of sputum may persist from 
bronchiectases after the completion of the thoracoplasty; and that continuing 
bronchial ulceration may cause the sputum to remain indefinitely positive, although 
the pulmonary cavities may be closed. 

If a cavity should remain open after the completion of a thoracoplasty, if 
surgical drainage of the cavity is contraindicated, if there is no progressive 
ulcerative bronchial disease, and if tuberculous lesions in the contralateral lung 
are not active, a pneumonectomy might be the operation of choice. In such 4a 
case, as Dr. Dolley has clearly said, the danger of a spread of tuberculosis to the 
contralateral lung and, particularly, the danger of an uncontrollable tuberculous 
and pyogenic infection in the pleural cavity would be greatly reduced because of 
the relative ease with which the pleural cavity, reduced in size by the preceding 
thoracoplasty, could be indefinitely packed with gauze. I believe, however, as a 
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result of my own experience, that the number of patients fulfilling the conditions 
I have named are extremely few and, therefore, that thoracoplasty should not 
be performed merely as a preliminary operation to an intended pneumonectomy. 

Further experience will show, I believe, that most of the patients for whom 
a pneumonectomy is clearly indicated present such strong contraindications to a 
(preliminary) thoracoplasty that the risks of a pneumonectomy without the pre- 
vious reduction in the size of the hemithorax by thoracoplasty must be accepted. 
The chief contraindications to thoracoplasty to which I refer are severe toxicity 
and excessive coughing from retention of pulmonary secretions by a bronchial 
stricture that cannot be dilated bronchoscopically. However, as pneumonectomy 
cannot be performed safely (either before or after thoracoplasty) on patients who 
have active tuberculosis in the contralateral lung or who have ulcerative bronchial 
tuberculosis proximal to the site at which the main bronchus would be divided, the 
number of cases in which pneumonectomy may be performed properly is greatly 
restricted. 

Rarely would a surgeon consider an upper lobe lobectomy unless an extensive 
thoracoplasty had failed to close the cavity. Large cavities in the lower lung, 
however, are difficult to close with thoracoplasty, even an operation including the 
upper ten or eleven ribs, and, so, in some cases lobectomy should be considered 
in preference to thoracoplasty. A preliminary thoracoplasty over the lower 
lung would rarely be indicated since the advantages Dr. Dolley has described of 
a thoracoplasty in preparation for a total pneumonectomy would be of relatively 
little importance with regard to a lower lobe lobectomy and since it would ex- 
pose the patient to the double jeopardy of both a thoracoplasty and a lobectomy. 
Incidentally, the safety of a lobectomy in the presence of active tuberculosis is 
greatly increased by the use of a two-stage operation if pleural adhesions are 
not present over the lobe that is not to be removed. 

Dr. Dolley has requested that everyone who has had experience with lobectomy 
or pneumonectomy in tuberculosis report briefly in the course of the discussion his 
results. My cases are very few because I believe the indications are truly rare 
because of the risk. 

1 have performed only one pneumonectomy for tuberculosis. This patient was 
highly toxic and had a tight and undilatable fibrous stricture of the mouth of 
the left main bronchus. The operation was done five years ago. The patient is 
virtually well and is an active bowler, but a short tuberculous sinus exists under 
the scapula and a tuberculous ulcer in a part of the incision is exquisitely tender. 

I have performed only two lobectomies for tuberculosis. One was done in- 
advertently. The case was typical of a lower lobe bronchiectasis (history and 
lipiodol bronchograms), without apparent tuberculosis. Microscopically the 
resected lobe showed multiple submucosal tubercles. Immediately after opera- 
tion there was a tuberculous pneumonic spread to the contralateral lung. By 
sheer luck, this lesion disappeared in the course of several months, and the patient 
is well two years after operation, with a closed wound. 

The second case was that of a young woman with a very dense fibroid tuber- 
culosis containing a small cavity, the lesions being restricted to the right middle 
lobe, the bronchus of which was stenosed. Pneumothorax and phrenic paralysis 
had failed. The operation and convalescence were uncomplicated, and the patient 
is well one year after operation, with a closed wound. 


It may seem strange to you that, with three successful cases to report, I should 
have laid such strong emphasis upon the dangers of the operations. I feel rela- 
tively certain that accumulating experience will support my advice of caution 
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that neither lobectomy nor pneumonectomy should be performed unless the indica- 
tions and contraindications I have listed are strictly observed. 


DR. EVARTS A. GRAHAM, Sr. Louis.—I think we all appreciate Dr. Dolley’s 
frankness and candor in supplementing his report of two years ago. There are certain 
observations that I would like to make in regard to this subject. 

First of all, Dr. Blades and I have performed five lobectomies for proved 
tuberculosis, with one death. In three of these patients the diagnosis of tuber- 
culosis was not made before operation; it was suspected, but not made positively. 
I say ‘‘suspected’’ because, in my own opinion, bronchiectasis limited to an upper 
lobe is much more likely to be due to tuberculosis than to a pyogenic infection. 
These were upper lobe lobectomies; the fatal case was a lower lobe lobectomy. 
The patient survived the operation, but died about four months later. 

In regard to the question of total pneumonectomy in tuberculosis, we have had 
no experience. It would seem to me, however, that there are certain considera- 
tions which have not yet been mentioned this morning, and that is, of course, 
that I think almost everyone will agree that there is no patient, strictly speaking, 
who has unilateral tuberculosis. In any patient, therefore, in whom a total 
pneumonectomy is contemplated, we must assume that there is tuberculosis 
present in the other lung. It may be latent, it is true, and show no evidence, 
but nevertheless there are probably tuberculous lesions present. 

We know also that rest is the primary consideration in the treatment of pul- 
monary tuberculosis. If one deliberately removes a lung without any oblitera- 
tion of the pleural space, he puts a very decided extra load on the other lung, 
which certainly is not calculated to give that lung the desired rest. It would 
seem to me, therefore, that is a consideration which is very important in this 
subject. 

Now, in addition to these five cases, with one death, that I have mentioned, 
there are two other patients, one whose case goes back as far as twelve years 
ago, and another one recently. The patient of twelve years ago was one whom 
Dr. Singer will remember, a man who we thought had merely a pulmonary ab- 
scess. He proved, however, to have a secondarily infected tuberculous cavity. 
With the old cautery operation, I removed all of the diseased tissue, and he was 
alive and well six years later, although he had a bronchial fistula. We lost track 
of him then, at the age of 65 years. 

Another patient, in whom an exact diagnosis has not yet been made, survived 

a lobectomy of the upper lobe for about eight months, and then developed a 
similar lesion in the opposite lung and died about eight months later, There is 
a curious granuloma in this case, and one cannot be certain whether or not it is 
definitely tuberculous, but there is some evidence that possibly it might be. 

To summarize, then, in our own experience we have had five certain cases 
of lobectomy, with one death and four survivals. We have had one other patient 
who survived an operation of cautery pneumectomy for a period of five years, of 
whom we then lost track. We had another patient who survived the operation for 
a condition that may have been tuberculosis, but who died eight months later 
of a similar lesion in the other lung. 


DR. LEO ELOESSER, SAN FRANciScO.—I imagine that many of us have had ex- 
periences, both intentional and accidental, with lobectomies and pneumonectomies in 
tuberculosis, but I think Dr. Dolley is to be congratulated; and we are to be con- 
gratulated on having this report, which is the first clear statement of clear-cut 
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intentions and indications for the performance of these operations in pulmonary 
tuberculosis. There are a few points I should like to refer to in this regard. 

In the first place, I am a little surprised at Dr. Alexander’s statement (I sup- 
pose that Michigan is the Maginot Line of thoracoplasty) that thoracoplasty is 
more satisfactory than he had imagined in bronchial stenosis and in secondary 
pulmonary suppuration following bronchial stenosis. Our experience has been 
just the opposite. It has been very disappointing in our hands. 

I imagine also that in those blocked cavities, in which, for most of us at any 
rate, thoracoplasty has not been satisfactory, some method will be devised that 
deals more directly with these lesions, either drainage, or perhaps, as Dr. Adams 
has indicated, some method of occluding permanently the affected lobe, or, as Dr. 
Dolley has indicated, lobectomy. That would seem to me to offer, in the future 
at any rate, one reasonable indication for a lobectomy that could be done, I sup- 
pose, even without preliminary thoracoplasty. It is too soon to say whether or not 
this will be feasible. 


Another indication for lobectomy that, in our hands, has been quite satisfactory 
is in those cases in which, after upper lobe thoracoplasty for stenotic lesions, a 
lower lobe bronchiectasis develops, and in which the lower lobe bronchiectasis is 
not primarily tuberculous, but purely bronchiectatic. We have had a small 
number of such patients upon whom lobectomy has been performed and who have sur- 
vived the operation. Some have retained a small sinus, and others have healed. 


I should like to report one case in which occurred the accident against which 
Dr. Graham just warned. The patient was a man who was bleeding continuously 
and evidently fatally from the lung. He had had a long-standing tuberculosis, 
and in an attempt to control the hemorrhage, I proposed to do lobectomy of the 
lobe from which he was bleeding. However, when I got through with my lobec- 
tomy, to my dismay I found I had done a pneumonectomy instead of a lobectomy. 
The man died following the operation, some weeks or months afterward, of a sec- 
ondary tuberculous empyema. 

I should like also to mention one patient, somewhat similar I think to the case 
of the isolated tuberculoma that I believe was the third in Dr. Dolley’s series. 
This patient was a Finnish woman, some 35 years of age, with a healed miliary 
dispersion, evidently years old. She had a peculiar dense shadow at the hilum; 
after bronchoscopy and various other investigations, it seemed to us as though 
the pus were coming from this isolated lesion, for we could find no other evidence 
of active tuberculosis in her lung. We proposed lobectomy of the lobe containing 
this isolated, suppurating, communicating tuberculoma. We opened the chest, 
and, to our surprise, found that alongside the lower lobe there lay, hanging by a 
stalk like a plum, a tuberculoma. We were never quite able to decide whether it 
represented a cyst secondarily infected with tuberculosis or the shell of an old 
lymph node. At any rate, we extirpated the lower lobe, together with the plum 
which hung from it, and this woman made an uncomplicated recovery, with no sub- 
sequent return of symptoms, 

There is one other procedure I would like to mention, which perhaps might 
serve in isolated instances as a preliminary to lobectomy, as it were. 

We have in hospital a diabetic patient, in a very bad state, with a right-sided 
tuberculous cavity communicating with an empyema that we had previously 
drained by means of a flap. She was distressed by constant expectoration, both 
from tuberculosis in her lower lobe and from the communicating empyema. We 
opened her chest again and, with considerable trouble, exposed the hilum by 
means of a posterior incision. It was quite evident that this diabetic person would 
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not withstand pneumonectomy or lobectomy, so, thinking to abolish her cough at 
least, we cast a stout ligature about the lower bronchus, whereupon coughing 
ceased. There is still drainage from the opening into the pleural cavity, but she 
is free of cough and has picked up a considerable amount of weight. I hope 
that in the future it may be possible to remove what remains of her lung. That 
would be somewhat like a two-stage operation, such as Dr. Dolley proposed in 
one stage. 


DR. E. F. BUTLER, IrHaca, N. Y.—I desire to extend my congratula- 
tions to Dr. Dolley and Dr. Jones on their valuable series of cases. I wish also 
at this time to report one pneumonectomy for tuberculous bronchostenosis. 


The patient, at the time of operation, was a married white woman, 26 years of 
age. She had had pulmonary tuberculosis for approximately twenty-nine months. 
Throughout this period the maximum disease had always involved the left lung; 
there had been clinically insignificant involvement on the right. Cavitation on the 
left was present, for which she had received therapeutic pneumothorax for sixteen 
months, Hyperplastic tuberculous bronchitis, involving the left main bronchus, had 
been recognized six and one-half months before operation. It had been treated by 
local applications of 20 per cent silver nitrate, and, at the time of operation, was 
in the regressive phase. Bronchostenosis was, however, in the process of develop- 
ment, and abundant purulent secretions could be aspirated from the left lung distal 
to the bronchostenosis. A month prior to operation the patient had been running a 
septic temperature, 

The patient was prepared for operation by weekly bronchoscopic aspirations 
and by maintaining the therapeutic pneumothorax at the maximum possible 
degree. Except for two broad adhesions, the pneumothorax was anatomically 
complete. Pleural pathology had never been demonstrated. 

The operation was done on May 9, 1940. It was a one-stage left pneumonec- 
tomy done under ether vapor and oxygen anesthesia. Individual ligation and 
section of each anatomic structure were carried out. The left main bronchus 
was closed by atraumatie No. 0 chromic catgut. 

The postoperative course has been characterized by moderate, continued eleva- 
tion of temperature, for the most part ranging between 99 and 101° F., and mod- 
erate, but slowly subsiding, elevation of pulse rate. There has been no dyspnea. 
Intrapleural pressures on the operated side have been maintained between 0 and 
-10. From time to time, clear fluid has been aspirated from the left pleural 
cavity. As yet, neither pyogenic organisms nor tubercle bacilli have been recov- 
ered by either smear or culture. (The oldest culture for tubercle bacilli is only 
twenty-seven days.) 

Neither physical nor x-ray examination has shown any spread of tuberculosis 
to the opposite side. 

Pathologie examination of the excised lung revealed active tuberculosis through- 
out the lung parenchyma. Interestingly enough, it has not shown active tubercu- 
losis in the walls of the left main bronchus; yet, six months prior to pneumonec- 
tomy, there was unmistakable evidence of active tuberculosis of this bronchus. 


It is, of course, too early to predict the final outcome of this case. 


DR. FORRESTER RAINE, MILWAUKEE, Wis.—My experience with pneumonec- 
tomy and lobectomy for tuberculosis began and ended five years ago, and until today 
I thought I was cured permanently. 


The first patient underwent a complete thoracoplasty. A large slitlike cavity 
along the vertebral gutter persisted, and the sputum was positive. I attempted 
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to clear that by total pneumonectomy. The operation went along very satis- 
factorily, surprisingly easily, it seemed to me, after the number of operations 
she had had. After closure of the stump, to increase the chances for recovery, a 
blood transfusion was given. She developed transfusion reaction, complete an- 
uria, and died seven days later. 

The second patient, a similar one, operated upon the same year, underwent 
total pneumonectomy, which was quite difficult because of tuberculous glands — 
around the hilum. She lived for three and one-half months, developed a tubercu- 
lous pericarditis from direct extension through the upper posterior pericardium 
from tuberculous glands, and died of tuberculous pericarditis. 

The third patient had been known to have tuberculosis for several years, but 
apparently the tuberculosis was quiescent. I think that also is a direct argu- 
ment for Dr. Graham’s statement that they are never completely healed and that 
there is always some bilateral involvement. There was an extensive hemorrhag- 
ing bronchiectasis, and the hemorrhage was becoming so great that a lobectomy 
was done for control of the hemorrhage and bronchiectasis. The patient survived 
the operation, but had a persistent bronchial fistula. Inside of three months, 
there was a spread of tuberculosis to the same side, and very shortly to the op- 
posite side, and he died a year and one-half later of the spreading tuberculosis. 

Since that time I have attempted closing cavities remaining after thoraco- 
plasty by directed attack on the cavities. Some have been unroofed completely; 
others, drained. 


DR. RUBIN M. LEWIS, PuHinapetpnia.—Dr. Stubbs and I are presenting two 
cases, both in voung colored females at the age of 15 years. We had started with 
a very definite premise in our second case; that is, that primary tuberculous pneu- 


monia of the caseous type was suitable for operation in these young patients. Prac- 
tically all such patients we have ever seen have died. We presumed that this would 
be an indication for lobectomy, and accordingly approached one of our cases with 
that in view. However, after lobectomy, section of the tissue showed it was not a 
primary tuberculous pneumonia; the patient died. 

The second patient was operated upon in September, for a lower lobe lesion on 
the left side, with mass tourniquet ligation. We succeeded in removing the lobe. 
That patient is well today. She has a bronchial-cutaneous fistula which is quite 
small, with a drainage tube. The discharge from the drainage is negative for 
tubercle bacilli on smear, culture, and guinea pig inoculation, She has a negative 
sputum. She has gained 1244 pounds, and is now up to normal by weight-height 
standard. She is going to school, and the remaining part of her lung is apparently 
in good shape. Just what will develop later, I do not know. She was operated upon 
in the early part of September, 1939. 


DR. WILLIAM W. BUCKINGHAM, Kansas City, Mo.—I would like to report 
two pneumonectomies for tuberculosis. The first patient had a thoracoplasty per- 
formed approximately eight years ago. She made a good recovery and was home for 
three years, but came back with uncontrollable cough, positive sputum, and hemor- 
rhage. With considerable difficulty, the lung was freed, but on the mediastinal side it 
had to be freed by both blunt and sharp dissection. The vessels and bronchus were 
ligated by the individual technique, and the patient made a good recovery until the 
third day. From that time on, she developed an uncontrollable ileus, and she died on 
the eleventh day. 

The other patient operated upon was something like Dr. Butler’s; operation 
was performed May 11, 1940. He had had a previous operation five years ago, ap- 


i 
b 
‘Se 
> 


DOLLEY AND JONES: LOBECTOMY AND PNEUMONECTOMY iS 


parently for what was at that time called a typhoid abscess, The lung was freed 
easily, except at the site of the previous rib resection. The lung was torn into at 
that place, and a few drops of pus were exuded out into the wound. The rest of the 
lung was freed by the individual technique. The patient has come through the op- 
eration and is up and about, but a fistula is still present. 


DR. J. A. MOORE, ASHEVILLE, N. C.—If it were possible to remove all the tuber- 
culous disease by performing lobectomy and pneumonectomy, the procedure might be 
logical. However, all of us who are treating tuberculous patients see many patients 
with complications for which thoracoplasty or other methods of treatment offer no 
hope of relief. I am speaking in particular of patients with bronchial occlusion 
and bronchiectasis beyond it. The dilatation of strictures of the bronchi, in my 
short experience with the bronchoscope, has not been very successful nor en- 
couraging. Because of that, I performed total pneumonectomy on one patient, 
a woman 30 years of age, who had had tuberculosis for seven years, had been 
treated with sanatorium regime and pneumothorax, and had apparently made a 
recovery. 

The lung expanded and the patient’s symptoms recurred. She developed an 
almost complete stricture of the right main bronchus; she had a definite bronchiec- 
tasis beyond that stricture. Her symptoms were very severe. She had a good 
lung on the other side. 

Despite what was really my better judgment, I attempted pneumonectomy and 
succeeded in removing a densely adherent lung, and the patient survived the 
operation. Drainage was instituted. As a complication, she developed a spiro- 
chetal infection of the incision, and following that she developed a mixed infec- 
tious tuberculous empyema. At no time had she recovered sufficiently that a 
thoracoplasty could be attempted. After about four months, she died of a very 
acute, developing anemia, despite all efforts to control it with transfusions. I 
think the actual cause of death was the tuberculous empyema. 

The second patient was a young woman with a right basal tuberculosis, who 
had been treated on conservative measures for a number of years without re- 
covery. The bronchoscopic examination revealed a tuberculous bronchitis in the 
right lower bronchus. Repeated bronchoscopic treatments did not succeed in re- 
lieving her symptoms. She had a small area of bronchiectasis beyond this stric- 
ture. The operation was planned in the following manner: a two-stage thoraco- 
plasty removing the lower six ribs was performed first. After the removal of the 
lower six ribs, a lobectomy was done, removing the right lower and middle lobes. 

The patient’s course has been excellent since then. She has recovered, except 
for a very small tuberculous fistula, which I think will eventually heal. That 
was a year ago this month. 

It seems to me that, aside from the ordinary complications that may occur with 
lobectomy or pneumonectomy for any other disease, we have, in addition, the 
development of a tuberculous empyema in these patients, which is certainly a 
serious deterrent to attempting this operation. 


From the experience of these two patients, it would seem to me that the pre- 
liminary thoracoplasty would minimize the danger of a serious tuberculous 
empyema, for the space is already obliterated before pneumonectomy or lobec- 
tomy is attempted. 


DR. RICHARD H. DIEFFENBACH, Newark, N. J.—I want, in the first place, 
to thank Dr. Dolley for a most stimulating presentation. 


: 
| 
| 


116 THE JOURNAL OF THORACIC SURGERY 


My reason for being here is to report one case of total pneumonectomy in 
tuberculous disease. This operation was done, as was one of Dr. Dolley’s, inad- 
vertently. We had diagnosed a carcinoma, and it turned out to be a tuberculoma. 
I operated in February, 1937, a little over three years ago. We carried out a 
tourniquet ligation of the lung, with total removal. The approach was postero- 
lateral, and we employed negative pressure drainage. 

The patient had a very stormy convalescence. At present she has a drainage 
sinus from which tubercle bacilli can be recovered without any difficulty. The 
contralateral lung is perfectly clear. I would not say that she is in excellent 
condition, but she is able to take care of a small shop. 


DR. WILLIAM M. TUTTLE, Detrroir.—Dr. O’Brien, Dr. Day, and I have per- 
formed one lobectomy for tuberculosis. The patient was a negro girl, of about 15 
years, with a cavity in the apex of the left lower lobe. The lobectomy was done for 
two reasons, one being that cavities in that location are notoriously difficult to close 
by thoracoplasty, and the other that a thoracoplasty in a child of that age generally 
leaves a marked deformity. 

The patient did rather well for a week. At the end of that time she developed 
pneumonia in the contralateral lung, which was proved at autopsy to be non- 
tuberculous. At autopsy the stump appeared to be weil healed. Sections through 
the stump showed no active tuberculous disease to be present. 


DR. SAMUEL O. FREEDLANDER, CLEVELAND.—About four years ago, I re- 
ported before this Association a case of lobectomy for pulmonary tuberculosis in a 
young girl. That girl is well and has a negative sputum, and she engages in all 
the activities that her meager mental talents will permit. 

Since that time, we have had three other cases. The first of these was in a man 
who had had an upper thoracoplasty with apicolysis, with good temporary closure, 
but, due to lack of rib generation, the lobe re-expanded, opening the cavity. He 
had a lobectomy performed, and now has a negative sputum. He is up and around, 
but has an empyema with a small bronchial fistula. 

The third case was similar to this last case, in that the patient had had an 
upper thoracoplasty with apicolysis, again with a soft chest wall, re-expansion, and 
reopening of the cavity. He underwent a lobectomy, but died of a spread of the 
disease. 

The fourth patient was operated upon inadvertently. A young woman, following 
childbirth, developed fever, night sweats, and loss of weight. She came into the 
hospital some months afterward; examination showed a large mediastinal shadow, 
which we thought was probably a lymphoblastoma, She was given a course of x-ray 
treatments. Following this, her cough, which had been nonproductive, became pro- 
ductive of a material that looked like liquefied putty. We thought then that the 
lesion was a teratoma with a secondary bronchial opening. It was on the left side. 
At operation there was a mass that looked like an atelectatic lobe. The upper and 
lower lobes were identified and were normal. This mass was in between the two 
lobes and was most adherent to the lower lobe bronchus. It had no definite blood 
supply from the hilum, but the vascular pedicle ran directly to the aorta. The mass 
was removed. It was covered by pleura and proved to be an aberrant accessory lobe, 
the seat of conglomerate and cavitating tuberculosis. The patient made a good re- 
covery and was well several months postoperatively. Subsequently she has been 
lost to follow-up. 


DR. L. J. LEAHY, Burrato, N. Y.—In reply to Dr. Dolley’s request for case 
reports, I will mention one briefly. 


pant 


DOLLEY AND JONES: LOBECTOMY AND PNEUMONECTOMY 117 


This is the case of a young male who had bronchiectasis in the right lower lobe. 
He was repeatedly bronchoscoped, and innumerable sputum examinations were negative 
for tubercle bacilli. Early in March, I performed a right lower lobectomy, without 
difficulty, and he made a splendid convalescence; the bronchial fistula closed about 
a week after it appeared. 

The excised lobe presented such a beautiful specimen of bronchiectasis that it 
was saved for the museum and they forgot to make sections, I later recalled that 
I had not seen any report on the tissue examination and suggested that it be done. 
Evidence of chronic pulmonary tuberculosis without cavitation was found in the 
specimen. I suggested to the pathologist that the giant cells he saw might be a 
foreign body reaction to the lipiodol, but was not able to break down his opinion. 
It was beyond doubt a case of chronic pulmonary tuberculosis, with recovery and no 
complications following lobectomy. 


DR. DOLLEY.—The discussion that has followed our presentation is of the great- 
est value. It would be premature on my part to attempt to evaluate the experiences 
of those who have reported their cases here, By thoughtful review of them all, 
however, when they appear in the JOURNAL, we shall be able to decide much more 
surely upon those particular pulmonary conditions in which lobe or lung removal 
seems indicated and what surgical technique is most likely to lead to recovery. 


Epiror’s Nore: The following case reports have been submitted to the Editor 
since the meeting. They are in response to Dr. Dolley’s request for a record of the 
experiences of the members of the Association. 


DR. W. E. ADAMS, CuIcAco.—A white female, aged 19 years, was sent to our 
clinic with a diagnosis of bronchiectasis of the left lower lung lobe of seventeen 
years’ duration. The correctness of the diagnosis was substantiated. A sputum ex- 
amination revealed two tubercle bacilli; however, repeated examinations following 
this were negative. 

At operation, definite evidence of tuberculosis of the infiltrative type was found 
at the apex of the left lower lobe. A lobectomy was performed and was followed 
by an uneventful convalesvence, with the exception of a very small empyema with- 
out bronchial fistula, which gradually healed, over a period of several months. 

The patient developed a hydrothorax in the opposite pleural cavity, which subse- 
quently cleared with aspiration and bed rest. She is asymptomatic at the present 
time, but is on ‘‘reduced exercise’? management. 


DR. I. A. BIGGER, RicuMonp.—I would like to add a case to those already re- 
ported. 

A white woman, aged 29 years, had had pulmonary tuberculosis for nine years. In 
1933 an extensive six-rib thoracoplasty was produced by Dr, Frank Johns of Rich- 
mond. For four years she did well. In 1938 she developed a productive cough. 
Bronchoscopy by Dr. Porter Vinson showed extensive ulceration in the right main 
stem bronchus to within a short distance of the carina. There was considerable 
purulent secretion distally. Lung collapse was extensive. Pneumonectomy seemed 
the only chance for recovery. 

Despite universal adherence, the lung was freed and removed in November, 1938. 
There was no tear of the lung, and the hilar structures were individually ligated. 
The bronchus was closed with interrupted silk No. 1, and another silk ligature was 
placed about the bronchus proximal to the suture line. She did not develop an in- 
fection in the pleural cavity nor a bronchial fistula, although there was some tuber- 
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culous involvement at the level of division, A superficial tuberculous infection de- 
veloped in the wound, which healed after a few months, Eighteen months after op- 
eration, in May, 1940, she started part-time work as a laboratory technician. 


DR. RICHARD H. OVERHOLT, Boston.—We have performed pulmonary resec- 
tion in six patients, two pneumonectomies and four lobectomies. The indications for 
operation were as follows: (1) complicating bronchiectasis; (2) bronchostenosis 
with an associated secondary pulmonary suppuration; (3) persistent upper lobe 
cavitation. 


The disease was apparently quiescent in four patients, and the sputum was neg- 
ative at the time of pulmonary resection. All four patients tolerated the procedure 
well. The wounds healed by primary intention; in those treated by lobectomy, tempo- 
rary bronchial fistulas healed spontaneously within the course of a few weeks. 


Two of these patients had left lower lobectomy for bronchiectasis after an active 
tuberculous process in the upper lobe on the same side had been controlled by a 
seven-rib thoracoplasty. The third patient in this group had a tuberculous process 
of the left upper lobe and bronchiectasis of the left lower lobe. The tuberculous 
process became quiescent on the usual sanatorium regime, but the symptoms due to 
the bronchiectasis increased. The left lower lobe was therefore removed on April 
22, 1934. The patient recovered completely from the resection, only to reactivate 
the tuberculous lesion in the upper lobe approximately one year later, This was 
treated by a two-stage thoracoplasty. All three patients have been discharged 
from the sanatorium, are well, and are working. Detailed case reports of these 
patients appeared in the American Review of Tuberculosis 38: 292, 1938. The 
fourth patient in this group had a large upper lobe tuberculous excavation. This 
was closed and the sputum converted by an extensive costal resection. Symp- 
toms of bronchial obstruction, and periods of intermittent fever, malaise, and 
severe cough developed. Left pneumonectomy by the dissection technique was 
performed on Dee. 15, 1938. A rapid recovery was made, without the development 
of a bronchial fistula. The patient has been discharged from the sanatorium and 
is without symptoms. 

Two patients with an active tuberculous process and persistent upper lobe 
cavitation following thoracoplasty were treated by lobectomy. In both, a 
bronchial fistula formed and failed to heal. One of these patients died, the 
only death in the series. This patient had had bilateral pulmonary tuberculosis 
for ten years. A plombage and right upper thoracoplasty performed elsewhere 
were followed by wound infection, and an axillary sinus persisted. The sputum 
was consistently positive. An extensive revision type thoracoplasty failed to 
convert the sputum. Although disease was present on the contralateral side, it 
did not appear to be progressive. The right lower lobe did not show evidence 
of involvement. A right upper and middle lobectomy through an anterior in- 
cision by the dissection technique was done on April 27, 1940. The immediate 
postoperative period was satisfactory, but a large bronchial fistula developed. 
Three weeks after operation evidence of an extensive contralateral process was 
found, and the patient died five weeks postoperatively. 

The other patient who was treated at the time the tuberculous lesion was active 
was first sent to us because of extensive right middle and lower lobe bronchiec- 
tasis. An apparently healed tuberculous process in the right upper lobe was 
noted at the time. A right middle and lower lobectomy by the tourniquet tech- 
nique was done in September, 1937. Convalescence was essentially uneventful, 
except that a bronchial fistula developed and did not completely close. One year 
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after operation, the tuberculous focus in the remaining upper lobe became pro- 
gressive and a cavity 3 em. in diameter was found. A two-stage thoracoplasty 
was done in 1938. Resection of the remaining right upper lobe was carried out by 
individual ligation of the hilar structures on March 20, 1940. This was all done 
in a clean field, but at the conclusion of the operation it was necessary to cut 
through an infected sinus tract and excise the small stump of the lower lobe 
bronchus which formed a part of the wall of the sinus tract. Drainage, of course, 
was instituted at the point of the previous sinus, but the upper lobectomy incision 
itself was closed. This healed by primary intention. The patient’s convalescence 
was quite satisfactory. She was transferred to the sanatorium one month after 
operation. The original thoracic sinus which communicates with a small bronchial 
fistula is still present. Sputum and thoracic discharge are both negative for 
tubercle bacilli. There has been a definite general improvement in the condition 
of the patient. 

Our experience to date, therefore, indicates that, if the tuberculous process is 
quiescent at the time of pulmonary resection, one would anticipate no difficulty 
in either wound or bronchial healing. Our experience with pulmonary resection 
in the presence of an active process in the lobe or a communicating bronchus is 
insufficient to draw conclusions. We shall, howe-er, accept patients for pulmonary 
resection in the presence of an active pulmonary lesion under circumstances for 
which we have felt pulmonary resection to have been indicated in the past. We 
feel that upon limited occasions such a procedure offers the patient the greatest 
hope for improvement and possible cure. 


DR. V. W. PETERSEN, Iowa Crty.—The late Dr. H. L. Beye reported a case 
in the December, 1935, issue of THE JOURNAL OF THORACIC SURGERY while discussing 
Dr, Freedlander’s paper, ‘‘ Lobectomy for Pulmonary Tuberculosis. ’’ 


This patient was 45 years old at the time a total pneumonectomy was performed 
in April, 1935. She had had previous extensive thoracoplasties, without conversion 
of sputum, The patient is alive and well at the present time and is able to carry 
on full-time work as a member of the administrative staff at the State Sanatorium 
at Oakdale, Iowa, Inasmuch as she has been under constant observation at the 
sanatorium, it seems safe to say that she has had a complete cure of her dis- 
ease. Her sputum has been continuously negative since operation. A broncho- 
cutaneous fistula, which was present for several months following operation, has sub- 
sequently healed, 


DR. PAUL C. SAMSON, Oaktanp, CaLir.—tI wish to discuss briefly four cases 
of pulmonary resection in tuberculosis, These cases are being reported in detail 
elsewhere.* 


Case 1.—Total right pneumonectomy was performed by Dr. Holman and me on 
a white woman, aged 33 years. Previously, a two-stage ten-rib thoracoplasty nad 
been performed by Dr. Holman. There was sputum conversion, but symptoms as- 
sociated with high-grade bronchial obstruction (harassing cough, wheeze, intermit- 
tent fever, purulent sputum) persisted. The patient survived pneumonectomy and 
has been leading a moderately restricted life. 


Case 2.—A white woman, aged 27 years, showed progressive ulceration of the 
left stem bronchus which led eventually to subtotal stenosis, with the usual com- 
plete atelectasis and fibrosis. There were persistent low-grade fever, productive 
cough, and moderate toxicity. Total left pneumonectomy was performed by indi- 


*Annals of Surgery, to be published. 


120 THE JOURNAL OF THORACIC SURGERY 


vidual ligation technique, and the chest was closed without drainage. Empyema, 
bronchial fistula, and a spillover infection at the contralateral base resulted in death 
ten weeks following pneumonectomy. 


CaAsE 3.—A Mexican woman, aged 31 years, presented an isolated, thick-walled 
cavity, 6 cm. in diameter, in the left lower lobe, lying deep in the gutter. The 
tuberculosis was limited to this lobe. A thorough trial at conservative measures was 
not successful, and left lower lobe lobectomy was performed in one stage. The 
patient may be considered well. 


Case 4.—A white woman, aged 21 years, had a large cavity which reopened in 
the right lower lobe during treatment with pneumothorax and pneumoperitoneum. 
There were associated fibrosis and extensive bronchiectasis of right middle and lower 
lobes. After re-expansion, bilobar lobectomy was performed in one stage. Death 
resulted one week postoperatively as the direct result of a transfusion reaction. 

In general, pneumonectomy is to be considered when there is high-grade bronchial 
obstruction, with resultant complete atelectasis and fibrosis of the lung. The main 
question at present seems to be whether or not thoracoplasty should be performed 
as the primary procedure. In former years, many cases of this type terminated 
fatally following thoracoplasty because we were not aware of the presence of ob- 
structive bronchial disease. We now have some knowledge of this serious complica- 
tion and realize that, when necessary, patients may be aided during their postop- 
erative convalescence by the judicious use of bronchoscopic aspiration, The in- 
evitable empyema which follows pneumonectomy in tuberculosis also must be given 
consideration. The size of such an empyema may be reduced by preliminary thoraco- 
plasty. Finally, it has been the experience of several of us that occasionally 
thoracoplasty has sufficed in ameliorating the symptoms associated with bronchial 
stenosis as well as in controlling the tuberculosis. In view of all these factors, Dr. 
Dolley’s advice that a preliminary thoracoplasty should always be considered is well 
worth remembering. One should make certain that the bronchial lesions are quiescent 
or at least retrogressing. Advancing ulcerative disease of bronchus or trachea 
should be a definite contraindication both to thoracoplasty and pneumonectomy. 

In the consideration of lobectomy, the presence or absence of bronchial stenosis 
usually is not the important factor. More often it is the position of an isolated 
solid (tuberculoma) or cavernous focus well anterior in the middle lobe or deep 
in the gutter in a lower lobe which brings up the question of lobectomy. My per- 
sonal experience with local rib resections over foci of this type has not been satis- 
factory. If this fails, one is faced with the necessity of an extensive, complete 
thoracoplasty and consequent sacrifice of an entirely normal upper lobe. In con- 
sidering the alternative of lobectomy, it must be remembered that the operative 
risk is definitely higher. 

In conclusion, this presentation by Dr. Dolley and Dr. Jones is an important one. 
None of us has had an extensive experience with pulmonary resection in tuberculosis. 
The frank presentation, therefore, of both good and poor results by the authors and 
the discussants is of the greatest value. Any attempt at the clarification of indica- 
tions and of the results which may be expected should be received thoughtfully. I 
have gained considerably from listening to this excellent presentation. 


DR. ROBERT SHAW, Datias.—I wish to add the report of two lobectomies per- 
formed inadvertently for pulmonary tuberculosis. The first case was that of a colored 
female, aged 26, who had had wheezing, cough, and expectoration associated with 
weight loss for six months. Bronchoscopy revealed an obstructing polypoid tumor 
in the right lower lobe bronchus. This tumor was removed and was reported to be 
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a nonspecific granuloma. There was bronchiectasis of the middle and lower lobes. 
The right lower and middle lobes were removed. ‘The postoperative course was 
stormy, but the patient eventually recovered, although a sinus tract remained which 
led into the pleural space. Approximately ten months following the lobectomy the 
patient began to have asthmatoid attacks. Bronchoscopy at this time revealed 
granulomatous masses coming out of the bronchial stump, obstructing the right up- 
per lobe bronchus. Removal of this tissue relieved the symptoms. The tissue re- 
moved proved to be tuberculous granulation tissue. This was the first time that 
the true nature of the lesion was diagnosed. At present, the patient is in a state 
of fair health. The sinus tract is still open. The eventual prognosis is uncertain. 

The second case was that of a white female, aged 26, who was sent by a tubercu- 
losis sanatorium for lobectomy for what appeared to be a large abscess in the apex 
of the right lower lobe, with associated bronchiectasis in the right lower and middle 
lobes. Repeated sputum examinations had been negative for tubercle bacilli. There 
was no demonstrable involvement of the left lung or right upper lobe. The right 
lower and middle lobes were removed. Upon examination the abscess proved to be a 
tuberculous cavity. There was tuberculous infiltration throughout the remainder of 
the two lobes removed. The patient developed a severe spread of the infection to the 
left lung and a mixed infected empyema in the right chest which caused her death 
on the twenty-sixth postoperative day. Despite the fatal outcome, it was felt 
definitely that no other procedure offered hope of eventual return to health. So, 
although the case was operated upon with a mistaken diagnosis, I feel reasonably 
sure that the same procedure would have been chosen had the true diagnosis been 
known. 
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The American Association for 
Thoracic Surgery 


Officers 


PRESIDENT, FRASER B. GurRD, Montreal, Quebec 
VICE-PRESIDENT, EpwarD D. CHURCHILL, Boston, Mass. 
SECRETARY, RICHARD H. MEADE, JR., Philadelphia, Pa. 
TREASURER, I, A. BiGGER, Richmond, Va. 

Epiror, Evarts A, GRAHAM, St. Louis, Mo. 


Council 


FRANK S. DOLLEy, Los Angeles Ropert M. JANES, Toronto 
Dan C. ELKIN, Atlanta ADRIAN V. S. LAMBERT, New York 
Epwarp J. O’BRIEN, Detroit 


The American Association for Thoracic Surgery 
Twenty-Third Annual Meeting, June 6, 7, and 8, 1940 


A combined meeting of the American Association for Thoracic Surgery and the 
American Trudeau Society was held at the Statler Hotel, Cleveland, Ohio, on June 6. 
Dr. J. Burns Amberson, President of the American Trudeau Society, presided at the 
morning session, and Dr. Adrian V. S. Lambert, President of the American Associa- 
tion for Thoracie Surgery, presided at the afternoon session. 

On June 7 and 8, the Association met at the Cleveland Academy of Medicine. 
A resolution was passed expressing the desire of the Association to cooperate with 
the Surgeons General of the Army and Navy in any way desired by them in prepara- 
tion for a national military emergency. It was announced that Dr. Evarts A. 
Graham had been asked to head a committee of civilian surgeons to cooperate with 
the Surgeons General. As a subcommittee on thoracic surgery to serve with the 
general committee on surgery, Dr. Lambert appointed Dr. Eloesser, Dr. Churchill, and 
Dr. Bigger. 

Dr. Paul W. Gebauer of Cleveland was awarded the Rose Lampert Graff Prize for 
his paper, ‘‘The Differentiation of Bronchiogenic Carcinomas.’’ It was announced 
that the prize of $250.00 would be awarded again in 1941. 

An amendment to the By-Laws, Article IV, Section 2, was passed, changing the 
section to read: ‘‘ Active Membership shall be limited to 125.’? The amendments 
to the Constitution which passed their first reading last year were again approved 
and became parts of the Constitution. These were Article V, Section 2, and Article 
VII, Sections 1, 4, 5, and 6, which have been published previously. 

Dr. Fraser B. Gurd of Montreal was elected president of the Association for the 
coming year. Dr. Edward D. Churchill of Boston was elected vice-president; Dr. 
Richard H. Meade, Jr., was re-elected secretary; Dr. I. A. Bigger was re-elected 
treasurer; and Dr. Evarts A. Graham was re-elected editor of THE JOURNAL OF 
THORACIC SURGERY. 

Dr. Edward J. O’Brien and Dr. Lambert were elected to the Council to take the 
places of the retiring members, Dr. Berry and Dr. Brunn. 
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The following changes in the membership status were voted: 


1. That the Association accept, with regret, the resignation of: 
Dr. Robert E. Plunkett, as of 1939. 


2. That the following Active Members be retired, at their own request, to Senior 
Membership: 


Dr. George J. Heuer Dr. Arthur M. Shipley 
Dr. Duff Allen Dr. Harold Brunn 


3. That in recognition of their clinical attainments the following Associate Mem- 
bers be elected to Active Membership: 


Dr. A. 8. W. Touroff Dr. Gustaf Lindskog 

Dr. William M. Tuttle Dr. Oscar Proctor 

Dr. Paul D. Crimm Dr. Paul C. Samson 

Dr. Frederick Harper Dr. H. Brodie Stephens 

Dr. Minas Joannides Dr. Robert G. Urquhart 
Dr. Clarence McIntosh 


4. That the following Associate Members be re-elected to an additional period of 
Associate Membership: 


Dr. Clarence E. Bird Dr. R. H. MacDonald 
Dr. Hollis Johnson Dr. W. C. Pollock 
Dr. Sidney Shipman 
5. That the following candidates be elected to Associate Membership: 


. Alexander E. W. Ada, 120 E. 75th Street, New York, N. Y. 
. Ralph Adams, Massachusetts General Hospital, Boston, Mass. 
. Frank Bartone, 2765 Hudson Blvd., Jersey City, N. J. 
. Robert G. Bloch, University of Chicago, Chicago, Il. 
. Warren C. Breidenbach, 970 Fidelity Bldg., Dayton, Ohio. 
. A. Lincoln Brown, 490 Post St., San Francisco, Calif. 
. John Maxwell Chamberlain, Homer Folks Hospital, Oneonta, N. Y. 
. Michael E. DeBakey, 1430 Tulane Ave., New Orleans, La. 
. Adrian R. Ehler, Albany Hospital, Albany, N. Y. 
. Alfred Goldman, 516 Sutter St., San Francisco, Calif. 
. Robert E. Gross, Peter Bent Brigham Hospital, Boston, Mass. 
. Louis F. Knoepp, 5900 Block Line Ave., Shreveport, La. 
. Robert Laird, 170 St. George St., Toronto 5, Ontario, Canada 
. Peter A. Midelfart, 314 Grand Ave., East, Eau Claire, Wis. 
. William H. Oatway, Jr., 2004 University Ave., Madison, Wis. 
. Robert H. Shaw, 723 Medical Arts Bldg., Dallas, Texas 
. George N. J. Sommer, Jr., 120 W. State St., Trenton, N. J. 

Dr. Samuel A. Thompson, 850 Park Avenue, New York, N. Y. 

The Twenty-Fourth Annual Meeting will be held in Toronto in 1941. The exact 

date will be announced later. 


Rose Lampert Graff Prize Notice 


The Rose Lampert Graff prize of $250.00 will be awarded again in 1941 for the 
best paper received by the Prize Committee before March 1, 1941. This paper must 
deal with some aspect of chest physiology or disease, and when accepted, it becomes 
the sole property of the Association for publication in THE JOURNAL OF THORACIC 
Surcery. Contestants are instructed to send in their papers without attaching names 
or other identifying marks, and to send with the paper, in a sealed envelope, the 
name of the author. The new committee will consist of the Program Committee and 
Dr. J. J. Singer of Los Angeles. All papers should be sent to the secretary, Dr. 
Richard H. Meade, Jr., before March 1, 1941. 
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